Le AAS) 


SUPER COMPUTER BOARD 


b 


SCB-69 


SUPER COMPUTER BOARD 


SE-2 
Copyright 1980 
Smoke Signal Broadcasting 


1) 


 SCBE-69 SUPER COMPUTER BOARD. 
INTRODUCTION К ж کب و‎ 


The Smoke Signal Broadcasting SSB} сри board. (5СВ-690 


provides the central processing . facilities of a. microcomputer. 
The 508-63 provides ‘twenty address lines. for. addressing. up to one 
megabyte of memory, eight data lines. _ and other control lines 


needed bu; memory systems, disc controllers, and other 
peripherals. The SCB-69 can be configured in a number of. ways: 


о CONE TGURRTTON 


‘The 'SCB- $9 comes with. the standard MON6S769D. гк monitor. ET 


Ак of scratch. pad RAM. _ The 358-63 has. provisions for addressing 


up to 18K of on-board EPROM/ROM. The SCB-69 also comes ‘standard 


With a. real. time clock. CRTC) which provides. the time-of-day, 
_ dag-of-week, | .dag-of-month, ата. day-of-year ‚ along. With 
programmable interrupts and battery backup... The. standard. switch 


settings. of switches .51-1,2,3,4 and کے‎ _ and. Switches 


0 52-1, г. 3, 4, 5; 6,7 and 8 аге: 


84-4 OFF (OPEN: 

61-2 OFF (OPEN) 
(84-3 ON. ¿CLOSED? | 

61-4 OFF «OPEN» MC Ed 
84-5 OFF (ОРЕМ2 МОТ USED = 


62-1 ON «CLOSED 
52-2 OFF (OPEN) 
‚32-3 OFF «OPEN». 

22 62-4 OFF «OPEN» . 
.S8-5 ОБЕ COPEN) 
82-6 ON «CLOSED». . 
52-7.0М . (CLOSED). 
52-6 ON «CLOSED? 


OPTIONAL | CONFIGURATIONS. 

The SCB-69 contains provisions: for. adding an. optional 
floating point arithmetic processor  «XRPU» and jo to 29K of 
EPROM- ROM. Чик M и | В 


тһе floating. point processor. can موہ‎ reduce ЕЗГІ amount 


214 software. needed for... computational. ‘programs. . There абе 2 
different . versions of. the processor = RMD9511. and: AMOS512. The 


816951311 does single precision arithmetic (7.5. digits of: accuracy» 


plus transcendential functions. Тһе  RMD9512. does Single and 
double precision arithmetic C75. and 46 digits of. Aaccuracus.. The 


86106 2 provides only the four arithmetic functions; © add, 
subtract, multiply and divide. 
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The user. may install up to 28K of EPROMÁ/ROM on the SCB-69 
гри goard: Ur | | EE 


PRINTED CIRCUIT LAYOUT 


The SCB-69 uses a number of wire yumpers to configure the 
available © options. All wire jumpers are layed out in a dual 
inline package (DIP) to allow the user to install ОТР switches. 
The 8СВ-69 is designed to work with the SS- 58 and. 88-5@С buses 
without any Jumper changes. 


HOW. THE SCB-69 WORKS 


The 58-69 address decoding of the on-board  EPROMÁ/ROM is 
done by a Field Programmable Logic Array ‹РРЬЯ>. The FPLA can be 
customized, by reprogramming, to work with a specially configured 
computer. | sys stem CEPROM/ROM at а lower memory address, etc. >. ` 


The FPLA ІС UZ (8251002 has sixteen input ^ lines and eight 
output lines. The SCB-69 uses eleven of the input lines (I5-155 
for decoding address lines AS-15. The control line Е is ^ also 
decoded by input line I4. The remaining four input lines are 
used. to decode option sense switches (refer to FPLA OPTIONS». 
These option sense. switches are used to implement the numerous 
options of the SCB-69; 8K^4K EPROM’s, HIGH/LOW EPROM. CUAL STACK 
and SLOW 0. | | 


The FPLA can be used with the extended addressing attributes 
5 Of. the SCB-69 by selecting the proper extended address range via 
switches. $3 1-4 and 53-5, Switch: 83-5 controls the extended 
addressing into the FPLA by gating the output of a four bit 
address comparator «ІС U27 7415852 into the FPLR. 


The. SCB-69 is designed to address one megabyte. of memory by 
the use of a memory. manager. The memory. is organized in 4K 
Blocks with up to sixteen blocks active at any time and up to 256 
4K blocks selectable. The memory manager is a 256 м 8 high speed 
RAM ІС Ui8-19 (934125. The four high order address lines. 
۲812-15357 from the cpu. are used to select з one of sixteen 
location of 118-19. The upper four address lines of 018-19 are 
controlled by a four bit latch ІС ves C74LS375>. The memory 
latch allows the memory manager to have one of sixteen 64K maps 
selectable at any time by writing a one of Sixteen number into 
“the Latch located at $FFEO to $FFEF. s : зз ` 


The SCB-69 has a unique feature in that any memory reference 
to $FFO8 to $FFFF will cause the memory manager to disengage the 
‘translation process and force the address lines LAL2-19 to all 
` one^s. ^ The width of this memory window is selectable by option 
Jumpers on the cpu board <ЫЗ 1-985. The window is set for the 
appen 256 bytes ($FFOOD to $FFFFO of memory normally but the user 
may wish to extend this range downward. The selectable window 
range: is from $9000 to SFFFF with the usable range from $2908 to 
DSFFFF. а UC | | E | 
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Switches. 52-1 through. 52-7 control the chip select function 
of all on-board memory devices. Opening апы of: these switches. 
will cause the corresponding device to be disabled and the memory 
Space allocated to the device із usable by . external memory 
devices. ~. | 


Switch 62-1 selects ІС 121 (TMS2516 or TMS2532». 

Switch 52-2 selects IC U22 ‹ТМ52516 ог TMS2SS25. ہے‎ 

Switch 52-3 selects ІС U23 (TMS2546 or ТМ$2532>. 

Switch 52-4 selects ІС U24 (<ТМ52546 or ТМ$2532>. 

Switch 52-5 selects ІС U25 (7М652546 ог ТМ$2532>. 

Switch 52-6 selects ІС U36 AND US7 (981145. 

Switch S2-7 selects ІС 143 and 426 <ММ5816?7 and. AMC. 9544/12). 


ІС 118 (?74LS305 goes high (logic "1"2 when any of the memor 
devices on the SCB-69 are selected. This causes the address 
buffers. IC 1/32, 33, 34, 35 (74153672 and. the data buffer IC 438 
(DPS3035 to be tri-stated «(high 22. External memory devices may 
occupy the same address space as. any on-board memory device: but 
the on-board device will have priority over the external ; device. 


The FPLA selects the floating point processor сте U26? and 
the real time clock «ІС U13} as one memory. device through ІС 1/12 
7415322, therefore, if switch 52-7. is ON (CLOSED, both of the 
devices will. be selected. . | 2024. | 


Since the the floating point processor and the: real time 
clock are 8888 type devices with separate READ and WRITE .control 
lines, ІС (05. із used. to gate the. separate READ. and. WRITE lines 
with the memory control signal E. 


The floating point processor and the real time clock also 
need a longer access time, Фурјсају 588. nanoseconds.... The FPLA 
has ап output line СЕР) which signals a one-shot (IC UiS 741232 
to stretch the control signal Е to 588. nanoseconds.: This | output 
line may be disconnected by opening switch 52-8. =. i 
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SCB-69 MEMORY MAP (FPLR VERSION 1869-1 10/4/80) 
STANDARD. CONFIGURATION сек EPROM, HIGH EPROM, CUAL STACK) 


FFFF г WRITE ONLY MAPPING RAM IC 018 АМО 019 


FFFG : REAC ONLY RESET AND INTERRUPT VECTORS IC 4لا‎ 


FFEF : WRITE ONLY PAGE LATCH REGISTER ІС (29: 


FFE8 : REAC ONLY RESET AND INTERRUPT VECTORS IC (21 


FFDF . 
EPROM/ROM SOCKET IC U24 
ЕЗӘЙ zu 
F?FF : 
= LMB-1 І/0 SPACE 
ЕРЕ | 
ЕРРЕ 
RESERVED FOR І20 EXPANTION <LMB-2> 
Е789 | 
ЕТТЕ | 
BFD-68 DISC CONTROLLER 
Е772 
Е77В | 
RESERVED FOR MODEM BOARD 
F770 ae 
FT6F | 
DCB-4 DISC CONTROLLER 
Е768 
F?SE ہے ے‎ | 
| RESERVED FOR FUTURE USE (32 BYTES) 
F740 | | 
ЕТЗЕ 
APU - FLOATING POINT PROCESSOR 
F729 
جح‎ 
RTC - REAL TIME CLOCK 
F700 | 
۴ح‎ 
FREE SPACE (768 BYTES) 
2428 
ЕЗЕЕ 
АК SCRATCH PAD RAM ІС 436 AND УЗ? 
Е@@й 
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че өм کے‎ ч» өле өше سے‎ ы کے‎ екі 7تت م م‎ 701000000 
چ‎ че өле جب‎ эн ишы سے‎ сез еке رس‎ өле чш سے‎ ыз ко می کے‎ леша еее ске ہے عم‎ кез өле сөк: چم‎ сове کے‎ өзе еее жи жин жак سے‎ чл) «кө кл чир са арр ао еке сю م سی کے‎ ч сес све | 
-с----Г-........-..-............е.----сс-с---- کے سس‎ ИЦ 
---------------------------------------------------- ESI 


Е There are three additional memory. maps for othe last. four 
| ЕРЕОМЕКОМ sockets CUBR, 23, 24 and 25): .- Sia s es 


: 4K/HIGH EPROM - 2SK/LOM EPROM =  4K-LOW EPROM- 


EFFF. | ВЕЕЕ : 25; | ВЕРЕ 
oo 3: URR |: U82 بے‎ џге ! 
када. | ваад : | .. : вава 
ФЕРЕ: | ВТЕР: o. Yt ВЕРЕ ہے‎ 
eo: UBB | Ро: рр: џез: 
pees Bade: . ¦ леев | 
СЕРЕ ! RFFF | ЭЕРЕ 

uaa |! uaa} ТЕРЕН 
coga | ввад 1 _ 1 9000 | 
BFFF | АТЕЕ : ӨБЕЕ 1 
сз : VES СЁ 0o: Ue8 o. ЕТСІН 
веве ¦ пада ¦ 09 ! 


The FPLA does not decode IC U21 as a 4K EPROM-ROM device 
with the 4K EPROMÁ/ROM option on. 
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ЕРІН OPTIONS 
The FPLA has four sense switches - 51-1, 2, 3 and 4. 
Switch St- 1: HIGH/LOW 6ٔ ROM 


With switch 51-1 in the OFF (OPEN? Боз tian: the FPLA will 
decode the lower four EPROMÁ/ROM sockets (U22, 23, 24 and 2502 in 
the allocated high memory range ($0000 to SEFFF For -2K 
EPROM- ROM” 5 and $68888 to SEFFF for 4K EPROMCROM’s):- With switch 
$1-1 ім the ON (CLOSED) position, the FPLA will decode the lower 
four EPROMÁ/ROM sockets in the allocated low memory range «8000 
to $BFFF for 2K EPROM^ÁAROM^s. and. $8000 to  £BFFF for 4K 
EPROM- ROM” s). The Low EPROM/’ROM memory range would allow. the usen 
; to run 00569 at ۶959 to $DFFF and up to 16K of EPROM/ROM. 


Switch 51- 5 АКЧИ, 00, RON. 


With таш КОБ 51-2 in the OFF «OPEN» position, the FPLA will 
„ decode the on-board EPROMÁROM sockets СІС 022; 83, 84^and 25> as 
ӘК devices. With switch 51-2 in the ON CCLOSED> position, the 
ЕРЕН will decode the on-board EPROM/ROM sockets as 4K devices. 


Switch, مم‎ BURL 207 


With switch 51-2 in the ON &CLOSED» она “the FPLA will 
decode all memory references between. $DF S89 and $OFFF to $F389 to 
ФЕЗЕҒ. This option will allow all programs written to reference 
МОМӘ9 stack area <$%0Е80 to SDFFFO to work with MON69"s stack 
area ($2388 to ЖЕЗЕҒО without modification to software. With 
switch 51-3 in the OFF (OPEN) position, all references to MONGS’s 
stack area СЕВЕ appear only at SOFS@8 to $OFFF. | 


Switch 81-4: SLOW I/O DEVICES 

With switch $1-4 in the ON (CLOSED? position, the FPLA will 
stretch the control signal E 588 nanoseconds anytime a memory 
reference between $Р788 and $F7FF occurs. With switch 51-4 in 
the OFF (OPEN? position, the stretching function is defeated. 


Switch 51-5: NOT USED 
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ыы JUMPERS 


The SCB- 69 has a number of wire Jumpers ‘that the user тац 


ме 2*9. reconfigure | certain functions ôf the SCB- 69. ALL wire 


|. Jumpers are layed out. іп а dual inline pattern «ІРУ which allows 
the user to install DIP SWITCHES in place of the wire Jumpers. | 


The present wire jumpers on the SCE-69 consist. of foil 
traces оп the back side (solder side) of the PC board. То cut - 
, these foil traces, take a sharp knife and cut the narrow. portion 
‚ Of. the foil trace. Маке sure ‘that the cut foil trace is. not, Lett 

„өп the board where it mag. short out other Circuit traces.. 


2. | ‚ The. control. signal Bus “Available. (BAD. мац be optionally 
_ gated. with the . control. signal Bus Status (BS) to form the bus 
. Signal. ВЯ. В5. . With wire Jumper Wi-i open. споғта1. condition)... ће 


bus signal is Bus Available BAD. only. The bus. signal ва. BS is 
useful in some ОМА and dynamic. memory. refresh schemes. > 


Hi-2 and 3 


The system clock used by the 8СВ-69 is made up of a quartz 
crystal oscillator circuit which runs at 8.9 Mhz. The 8.0 Mhz is 
divided by two D FLIP-FLOPs (IC U6 74.574) down to 2.8 Mhz. 
Optionally, | the . SCB-69 та Бе driven at 4.8 Mhz from the same 
| erystal. Bu removing the wire. Jumper. Wi-3 and Jumper М1-2. .o, Wire 
Jumper М1-3 takes, the 8.2 Mhz. signal from пе oscillator. buffer 
«rc us 74.584) and runs the signal to the external. ocsillator 
input of the cpu СІС 1228 Mé3B095. Wire jumper 41-2 takes the 
4.8 Mhz signal from the first D FLIP-FLOP circuit and runs othe 
Signal to the cpu. سح‎ ы 


Wi-4 NOT USED 
44-5 and 6 


Wire jumpers W1-5 and 6 are used to control the RESET 
function of the cpu board. Normally. the RESET function is 
generated on the cpu board Бы a reset circuit (IC 014 745042 and 
gated with an optional external reset signal. 41-6 vectors the 
on-board RESET function to both the cpu and the external RESET 
bus signal. Вч installing Jumper М1-5 and cutting Мі-6, the 
RESET function could be generated by both the external RESET bus 
Signal and the on-board RESET generator. 


Wi-7 and 8 

Wire jumpers Мі-? and 8 are used to controll the interrupt signal 
from the RMD9511^/9512. When using the RMD9511 wire Jumper  Wi-7? 
should be installed and for the AMD95i2, wire jumper М1-8 should 
be installed. 


ыг-4 
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On the 55-ЗӘС bus, the signal BUSY is not used by the 6809 
Cpu chip. The BUSY signal occupies the same pin as the NMI line 
on the 55-50 bus. Wire Jumper We-1 allows the user to jumper the 
BUSY <(NMI> signal to the NMI input to the cpu chip. If the “user 
wishes. to disable the NMI input from the bus, Jumper W2-1 must be 
cut. | ^ | 


| ма-а, 3, 4, 5, 6 and 7 


| These 6 wire jumpers allow the user to select the 
appropriate interrupt signal from the floating “point processor 
and the real time clock. Wire jumpers W2-2 and 3 are used to 
gate the interrupt signal from the real time clock and the 
floating processor to the IRQ input signal of the cpu. И2-2 is 
for the RTC chip and М2-3 is for the APU chip. Wire: jumpers М2-4 
and. 5 are used to gate the interrupt signal from the RTC and the 
“APU to the FIRG input signal of the cpu. W2-4 is for the RTC 
| chip and М2-5 is for the APU chip. Wire .jümpers W2-6 and 7 are 
used to gate the interrupt signal from the RTC: and the APU chips 
to the NMI input signal of the cpu.” W2-6 is for the RTC chip and 
We-7 із for the APU chip.. | 


иг-8 NOT USED 

-Wá-i, 2, 3 and 4 | | 

| The SCB-69 comes configured to used ТМ52516 EPROM/RON" в, 
optionalu, the user там install TMS2S32 (4K x 82 EPROMÁ/ROM^s By 


- 


Cutting wire Jumpers W4-2 and 4 and jumpering W4-1 and 3 the 
ТМ82532 may be used. ^ 7 


М5, М6, М? and МӘ 


Wire blocks WS. 6, 7 and 8 are connected in the same manner 
аз М4. | ы ы 
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PARTS LIST 


04. 
J2 


72416433 


325108 
74.584 
74.588 
74.574 
74.532 
744.584 
7415157? 
74.538 
74.594 
74,532 
))ٌ) 7 
NESS6 


. 74423 
. SPRRE 


74.588 
93412 
93412 


'меввдз 


TMS2516 
ТМ62516 
TMS2516 
TMS2516 
TMS2516 
6110951 
74.585 
74,574 
74LS375 
7486 
74153?5 
7415367 
741.8367 
74-7 
74053657 
2114 
2114 
0۴93 


229 pf 
. i uf 
. 1 uf 
27 pf 
18а pf 
. 1 uf 
5-35 pf 
21-44 


NOT USED 


‘THIRTEEN INPUT мамо. ‘GATE 


FIELD PROCRANMABEE ماج‎ ARRAY 


HEX INVERTER : 

QUAD DUAL INPUT мамо GATE 
DUAL D FLIP FLOP: تی‎ 
QUAD DURL INPUT OR GATE 

HEX. INVERTER | 

QUAD DUAL INPUT MULTIPLEXER 
EIGHT INPUT NANO GATE : 
HEX INVERTER | т 
QUAD DUAL INPUT OR. GATE | 
REAL TIME CLOCK - ae = 
DAUL TIMMER ' 

CUAL ONE SHOT 


ар DURAL INPUT AND GATE 
HIGH SPEED 256х4 РАМ 5 
HIGH SPEED 256Х4 КАМ ^ - 


‘CPU 


ӘК X 8 EPROM 
eK X 8 EPROM 

2k Х 8 EPROM 

ӘК X 8 EPROM | 

2k X 8 EPROM ies 
FLOATING POINT PROCESSOR 
FOUR BIT COMPARATOR | 
DUAL D FLIP FLOP ^ 

FOUR BIT LRTCH 

HEX INVERTING BUFFER 

FOUR BIT LRTCH и 
HEX NONINVERTING BUFFER 
HEX NONINVERTING SUFFER 
HEX NONINVERTING BUFFER 
HEX NONINVERTING BUFFER 
iK X 4 RAM 

4K X R РАМ OOO 
BI-DIRECTIONAL TRANSCEIVER 


CAPACITOR 
CAPACITOR 
CAPACITOR 
CAPACITOR 
CAPACITOR © 
CAPACITOR ` 
TRIMMER: CAPACITOR 
CRPRCITOR 
CRPRCITOR 
CRPRCITOR 
CRPRCITOR 
CAPACITOR 
CAPACITOR 
CAPACITOR 
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моме 
USER SUPPLIED: 
USER SUPPLIED 
USER SUPPLIED 
USER SUPPLIED’ 
APU OPTION ` 


OPTIONAL 
OPTIONAL 


та 


“UO OU PPPPPHPH 


جو جو جو حر حر POPP RARE‏ 


ul 
` POO: 
o 
X 


& 


^J 9 0 


МР 16V 


O000000: ocu 


AP: 
AX 
E 


1N914 
1N914 
145349 


CAPACITOR 
CAPACITOR 
CAPACITOR 
CAPACITOR 
CAPACITOR 
CAPACITOR 
CAPACITOR 
CAPACITOR . 
CAPACITOR 
CAPACITOR 
CAPACITOR. 
CAPACITOR 
CAPACITOR 
CAPACITOR 


. CAPACITOR 


CAPACITOR 


RESISTOR 
RESISTOR 
RESISTOR 
RESISTOR 
RESISTOR 
RESISTOR 
RESISTOR . 
RESISTOR 
RESISTOR 
RESISTOR 
RESISTOR: 
RESISTOR 
RESISTOR 
RESISTOR 


DIODE 
DIODE: · 
ZENER DIODE. 


3.6 Volt Battery 


7895 
7385 


2 


ХААХААХАА Я 


SPST DIP 
SPST DIP 


в MHZ 
K 


S VOLT REGULATOR 
S VOLT REGULATOR 


6 PIN RESISTOR PACK 
6. PIN RESISTOR PACK 
6 PIN RESISTOR PACK 
18 PIN RESISTOR PACK 
18 PIN RESISTOR РАСК. 
6 PIN RESISTOR PACK 
18 PIN RESISTOR РАСК. 
$ PIN RESISTOR РАСК ` 


SWITCH 
SWITCH 


TAL 
س۲8۳۱‎ 
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UNIT‏ ۸۴6 روج 


which supports modern programming: techniques such as position . in- 
. dependence, reentrancy, amd modular programming. 


improvements which include ада топа! registers, instructions, and addressing 
modes. 


set of addressing modes available on any. 8-bit microprocessor today. : 


tions. 


MC8800 COMPATIBLE 
€ Hardware — Interfaces with Ail M6800: Ha s 

€ Software — Upward Source Code Compatibie Instruction Set and 
Addressing Modes ; 


ARCHITECTURAL FEATURES 
‚ ®- Two 16-bit Index Registers... . 
€ Two 16-bit indexable Stack Pointers | 
‚ € Two 8-bit Accumuiators can be Concatenated to Form One 16-Bit 
Accumulator 


HARDWARE FEATURES 
© On-Chip Oscillator (Crystal Frequency = 4XE) * 
‚ ê DMA ЛЕП Айоууз ОМА Operation. оп: Memory Refresh... : 
. ® Fast Interrupt Request Input. Stacks Only. Condition. Code Register - 
and Program Counter 
€ MRDY Input Extends Data Access Times for Use with Slow Memory 
€ Interrupt Acknowledge Output. Allows. Vectoring By Devices... 


Event 
`. € Single Виз-Сусје А RESET : 
| MUN §-Volt Supply Operation :: 


© Eariy Address Valid Allows. Use With Slower Memories 
• Early Write-Data for Dynamic Memories 


SOFTWARE FEATURES 
€; 10 Addressing Modes. . 

.* 8800 Upward Compatible Айтаза Modes 
Direct Addressing Anywhere in: Memory Map 
Long Relative Branches 

. Program, Counter Relative 
True Indirect Addressing ` 
Expanded indexed Addressing: 
0-, 5-, 8-, ог 16-bit Constant Offsets 
= &, or 16-bit Accumulator Offsets 
: Auto-Increment/ Decrement бу 1.ог 2 
^€ improved Stack Manipulation: | 
‚ ©: 1464 Instructions: with Unique Addressing Modes 
٭‎ >8 Unsigned Multiply | 
`- @ 16-bit: Arithmetic’ 4 
.@ Transfer/ Exchange АП Regiis: 
Ф Push/Pull Any Registers or Any Set of Registers 
€ Load Effective Address 


` The MC8809 ‘is a ‘revolutionary high-performance 8-bit microprocessor 
This. third-generation addition to the M6800 family has major аннар 
The basic instructions of any computer are greatly enhanced by the 


presence of powerful addressing modes. The MC&809 has thé most complete ^" 


The MCB809 has hardware and software features which make it an ideal ۱ 
processor for higher level language execution ог standard controller applica- E 


€ Direct Page Register Allows Direct Addressing Throughout Memory 


• SYNC Acknowledge Output Allows, for Synchronization to | External oup | 


ы MHz). 
.MC68A09 _ 


(1.5.MHz): 


МС68В09 | 


= MHz) 


(HIGH DENSITY. N-CHANNEL, SILICON-GATE) 


ет acrem 
MICROPROCESSING - 
UNIT б 


^ LL SUFFIX 
CERAMIC PACKAGE 
САЅЕ 715 > o 


Р SUFFIX 
PLASTIC PACKAGE 
CASE 711 


15-226 SUFFIX 
| CEROIP PACKAGE 
` CASE THA 


inhibited After Until After First Load of Stack Pointer =| | gg 
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MAXIMUM RATINGS. 


messe | 
RET cM I وج یں‎ НАД 


Operating. TET Range TL to TH 
MC6809, MC88A09, МС68809 O to +70 
۸۷۸۲8۷8090. MCBBACSC,, МС68809С -40 to 285 


Storage Temperature Range | : 


avoid application of any voltage higher than 
maximum rated voltages to this high im- 
| pedanes ‘circuit. Reliability of operation is 
enhanced if unused inputs аге tied to an ap- 


^ THERMAL CHARACTERISTICS | | propriate ‘logic voltage levels (е.9., either 
; 


Thermal Resistance 


Vss ог МСС). 


Caramic 
Cerdip 
Plastic 


POWER CONSIDERATIONS _ 
The average. chip-junction temperature, Ty, in °C can be obtained from: 
TJ2 TA * IPD*6 JA) . | (1) 
Where: | 

Ta mAmbient авиа: °C 

8jA si Package Thermal Resistance, Junction- وو ئا‎ °C/W 

Pp =PINT+PPORT 

Румт жіссх ۷ Watts. — Chip Internal Power 

Рродт = Port Power Dissipation, Watts — User Determined 


For most applications PpoRT<PINT апа can be neglected. PPORT may become Significant if the device is configured to 
drive Darlington: bases or sink LED loads. ; 


Ап approximate relationship: between Pp and Ty (if PORT is neglected) is: 


_ Pp=K+(Ty+273°C) | | | «irs (D 
. Solving equations 1. and 2 for K gives: s 
К = Ppe(TA + 273°C) - 0 jA*P p? ШЕ; 


‚ Where К is a constant pertaining to the particular рам. К can be determined from equation 3 by measuring Pp (at equilibrium) 


for a known TA. Using this value of К the values of Рр and Т.) can be obtained by solving equations (1) and (2) ید‎ ve for any 
value of Ta. 


ELECTRICAL CHARACTERISTICS ۷۵۵5ا‎ 0 М 45%, М55=0, Ta =0 то 70°С Unless otherwise noted)’ 


| اس س س‎ зак эш 


Input Tow Voltage „Logic; EXTAL, RESET Vss 70.3 mes yss +0.8 


input.Leakage Current uA 
(Vin =0 to 5.25 V, Vec = maxi i 


DC Output High Voltage. 


Logic 


"oad = 146 А, Усс тіп) А0-А15, R/W, Q, E ` 
lt саа = — 100 дА, Vec = min) 8A, BS 


Capacitance # 

(Vin =0, TA = 26°C, f= 1.0 MHz) 00-07, RESET 
Logic Inputs, EXTAL, XTAL 
А0-А15, R/W, BA, 85 


У =. 10 pF 
сар ode 10 


# capacitances are periodically. tested rather than 100% tested. 
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: This device contains circuitry to protect the. | 
| inputs: against..damage. due. to high static. | 
' voltages or electric fields; however, itis ad- ` 
vised that normal precautions be- taken: to 


Logic, EXTAL Мн М55+2:0 Усс 
Input High Voltage RESET Vsg+4.0 Усс 


| = Output Low Voitage 
en ы кр ЗЕ манов у | 


Internai Power Dissipation (measured at TA =0°C in steady state operation): PINT ا‎ | 


- jl: o | 
Frequency of Operation . ۸809 0.4 а | | 
: | МСВВАО9 | ТАС 0.4 - 6 | MHz 
{Crystal or External input)... МС68809 0.4 8 
Three-State (Off State) Input Current 00-07 20] 10. А 
А Е Its} ; 5 n 
(Vin 20.4 to 2.4 V, Усс = тах) 4ھ‎ R/W и UM - 100 


qe ہی ہمہ سس‎ MA Ms 


ہہ میلست و 


| ВА, 85, A/W, and Address Valid Time (0: 2 Rise | tag. | 50 | — | 25-|.—.[.18-] — ےت ا‎ | 
| Em Read Data Setup Time "ues [6 | | 0 = |] 


прави سس‎ ви а فسنست‎ је Ра ERE TENE RD M 


FIGURE 2 — BUS TIMING > 


R/W, Address 


TN pimp گل“ ےر‎ 
Read Data ` | ا‎ 
Write Оаа ^ ШЕ | 


ги‏ ہت ہے 
маг | U^‏ را Vac‏ | ہیں Man T Max‏ 


rae | 10 | 0 pep o [os] о عو‎ | 


Cycle Time (See Note’ 5) | : 5 | ; 
سد‎ [Fe wan ом EEN وع‎ [43 | $390 | 260 [5990 | 30 | 2062 | па | 


Sr ра аста еа реа 


Cock язе and Fall Time ___ а Гага | 
ПЕН СЕКСЕ О ООО чан | 43 | 5000 | 20 EI E ESI 


-— Ri р RR RU RN 
Seay Time, Em Res — —  — [0 | по | 166 | 89 | os | 
BERE 1.4. ___ вае ясан ЕЛИ 


Read Data Hold Time” 200 mom sl 
ED LI = مہ ودے سواہ‎ р KC RN 


рш DE‏ لس e‏ ہے چٹ کش چہ 
Ге‏ | 39[ - ا سا L— 29 Usana Access Тте Se йө. АСС] ©] с‏ 


“Processor.Control Setup Time (MRDY, Interrupts, ОМА/ BREQ. | wes [| - | о | – fro] - | = | 


НАСТ, RESET) (Figures 7, 9, 10, 11, 13, and 14) 


8 


Processor Control шы апа Ран Time (Figures 7 and 9) · 


:* Address ага data: hold times are periodically. tested rather than 100% tested. 


NOTES: ; 
1. Voltage levels shown are Vi 50.4 V, Ун=2.4 V, unless otherwise specified. 
2. Measurement points shown are 0.8 V апад 2:0 V, unless otherwise specified. 
^" S. Usable a 5 time is:computed by: 174-7 max + 10— 17. 
4. Hold time н (3)... for ВА апа 85.15 not.specified.. 


“5, Maximum teye during MROY.or ОМА ERE is 18 из. 
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FIGURE 3 — ۸۸8809 EXPANDED BLOCK DIAGRAM 


00-07 


ALU · 


+ Internal Three-State Control 


FIGURE 4 — BUS TIMING TEST LOAD 


50М . 


ммовтео > RL = ۴ 


or Equiv. 
Test Point: 


MMD 7000 
or Equiv. 


С = ЗОФҒ for BA, 8S 
130 pF for 00-07, Е, Q, 
90 pF for АФА15, R/W 


Я = 11.7 ка for 00-07 


24 ка for ВА, 85 


18.8 КО for А0-А15, E, Q, R/W 
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“which are used for 


Instruction 
Register . 


RESET 
NMI 
НИК А, 
Interrupt FIRO 
Control ‘TRO 
| — — BRATBREQ 
RN 
Виз. :: — ALT. 
'| Control - 8A 
| ШЕ 85 
XTAL. 
nS سے‎ EXTAL 
iming ! —MRDY 
А : 
Q 


PROGRAMMING MODEL | 
As shown in Figure 5, the MC6809. adds three registers to 


' the set available in the МС6800: The added registers include: 


a Direct Page Register, the User Stack pointer and а second 
Index: Register. | ~: کیہ ری ور مو‎ 


ACCUMULATORS (A, B,.D) | | 

The A and 8 registers аге general purpose accumulators: 
arithmetic calculations and. manipulation: 
of data. i. с: ке: 

Certain instructions. concatenate the A and B registers to 
form a single 16-bit accumulator. This is referred to as the O 
Register, and is formed: with: the A Register as ‘the most 
significant byte. 


DIRECT PAGE REGISTER (DP) 
The Direct Page Register.of the МС6809 serves to enhance 
the Direct Addressing Mode. The content of this register ap- 
pears at the higher address outputs (A8-A15) during: direct 
Addressing instruction execution. This allows the direct 
mode to be used at any place in memory, under program 
control. To ensure 6800 compatibility, all bits of this register. 
are cleared during Processor Reset. 


X = Index Register 
> ¥ Index. Register 


: INDEX REGISTERS (X; Y) 


The index Registers are used in indexed mode of address- 
ing. The 16-bit address in this register takes part in the 


| calculation. of effective addresses. This address may.be used 
_, to point to data directly ог may be modifed by an optional 

. „Constant ог register offset. During’ some indexed modes, the 
contents of the. index register are incremented. or - 

‘decremented to point to the next item. of ‘tabular туре data. 


All four pointer registers (х, Y, џ, 5) тау бе чзед as index 


| registers. 


STACK POINTER "m $}. 

The Hardware Stack Pointer (S) is used automaticaily by 
the processor during. subroutine calls and interrupts. The 
stack pointers of the MC8809 point to the top of the stack, in 


` contrast to the ۸۵ stack pointer, which pointed to the 


next free location on the stack. The User Stack Pointer (U) is 


“controlled exclusively by the programmer thus allowing 


arguments to be passed to and ‘from subroutines with ease. 


“Both Stack Pointers have the зате indexed mode address- 


ing capabilities as the X and Y registers, but also support 


^ Push and Pull instructions. This allows the ۸۸۲8809 to be us- 


ed efficiently as a stack j processor, greatly enhancing its abili- 
ty to.support. телес level lanquages and modular. г programie 
ing. n | 
PROGRAM: COUNTER. سز‎ 

“Тһе Program Counter i is used by the processor to point to 
the address.of. the next instruction to be executed by the pro- 
cessor... Relative Addressing is provided allowing the Pro- 
gram Counter to be used like an index register in some situa- 
tions. 


CONDITION CODE REGISTER 


The Condition Code Register defines the State of the Pro- 
cessor at any given time. See Figure 6. 


FIGURE 5 —. PROGRAMMING MODEL OF THE MICROPROCESSING UNIT 


| | | | U — User Stack Pointer | . 


S = Hardware Stack Pointer | 
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Pointer Registers 


‚ Program Counter. : : 


Accumulators 


Direct Page Register MEM 


CC — Condition Code Register 


' FIGURE 6 — CONDITION CODE REGISTER FORMAT 


Carry.‏ سس 

> Overflow 
Zero 
Negative 
IRQ Mask 
Haif Carry 
FIRQ Mask 
Entire Flag 


CONDITION CODE REGISTER.. 
UO DESCRIE TION oe 
BIT O(C) | جج‎ 
Bit Ois the. carry flag, “and is usually the сату from the 
binary ALU. C js also used to represent а ‘borrow’ from sub- 


“tract like instructions.(CMP, NEG, SUB, SBC) and is the . 


complement of the carry ‘from the binary ALU: 


BIT 1 (V) 
Bit 1 is the overflow flag, and is set.to a. one by an. opera- 


tion which. causes а. signed two's complement. arithmetic | 
overflow. This overflow i is detected in an ‘operation in whieh 


the carry from the MSB in the ALU does not match the carry 
from the MSB-1. 2 


BIT 2 (2) 


Bit 2 is the zero flag, and is set to a one if the result of t the 
previous operation was identically zero. 


BIT 3 (N) 


. Bit 3is the negative flag, which contains exactly the value 
of thé MSB of the result of the preceding operation. Thus, 
a negative two's-complement result will leave М set to a one: 


BIT 4 (П 


Bit 4is the IRQ mask bit. The processor will not recognize 
interrupts from the IRQ line if this bit is set to a one. NMI, 
FIRQ, IRQ, RESET, and SW! аге set to а one; SWI2 and 
SWIS do not affect |. 


BIT 5 (H) 

Bit B is the half-carry bit, and is used to indicate a carry 
from bit 3 in the АШ as a resuit of an 8-bit addition only 
(ADC or ADD). This bit is used by the OAA instruction to 
perform a BCD decimal add adjust operation. The state of 
this flag is.undefined in all.subtract-like instructions. 


BIT 6 (F). : m 

Bit 6 в the ЕРО mask Dit, Тһе processor will not 
recognize interrupts from the FIRQ line if this bit is a one. 
NMI, РАО, SWI, and RESET ай set F to a one. TRG, SWI2 
and SWI3.do not affect F. 


BIT 7 (Е) 

: Bit 7 is the entire flag, and when set їо а one indicates that 
the complete machine state (ail the registers) was stacked, 
as opposed to the subset state (PC and CC). The E bit of the 
stacked CC is used. on a return from interrupt (RTI) to deter- 
mine the extent of the unstacking. Therefore, the current E 
left in the Condition Code Register represents. past action. 


PIN DESCRIPTIONS 


POWER (Vss, Vcc) 

Two pins are used to supply power to the part: Vss is 
ground or 0 volts, while Vcc is +5.0 V £596. 
ADORESS BUS (A0-A15) ۱ 


Sixteen pins:are used to output address. information from 
the MPU onto the Address Bus. When the processor does 
not require the bus for a data transfer, it will output address 


, EEEF16, R/W = 1, and 85 = 0; this is a "dummy access" or 
УМА. cycie. Addresses are valid on the rising edge of Q (see. 


Figure 2). All address bus drivers are made high-impedance 
when output Bus- Available (BA) is high. Each pin will 
drive one Schottky TTL load or four LS TTL loads, and 
90 pF. 


` DATA BUS (00-07) 


. These eight pins provide communication’ with the system 
bi-directional data bus. Each pin will drive one Schottky TTL 


load or four LS TTL loads, and 130 pF. 


[1 | 0 .[ Syne Acknowledge 


(My MOTOROLA Semiconductor Products Inc. 


“READ/WRITE ۰ 
This signal indicates the direction of data transfer. on the 


. data bus. А low indicates that the MPU is writing data onto. | | 


the -data b bus. R/W is made high impedance when ВА is > 
high. R/W is valid on n the ising edge of Q. 


‘RESET 

A low level on this Schmitt-trigger input for greater than 
one bus cycle will reset the MPU, as shown in Figure 7. The 
Reset vectors are fetched from locations FFFE46 and FFFF16 
(Table 1 when "interrupt Acknowledge is: true, 
(ВА 85-1). During initial power-on, the R RESET line 
should be неа low: until. the clock oscillator is fully opera- 
tional. See Figure 8. 

Because the MC6809 RESET ріп has а Schmitt-trigger i in- 
put with a threshold voitage higher than that of standard 
peripherals, a simple R/C network may be used to reset the 
entire system. This higher threshold voltage ensures that ail 
peripherals are out-of the reset state before the Processor. 


HALT 

A low level on this input pin will cause the MPU. to stop 
running at the end of the. present instruction and remain 
haited indefinitely without loss of data. When haited, the BA 
output is driven high’ indicating. the buses: are high im- 


„редапсе. BS is also high. which indicates the processor is in 


the.Hait.or.Bus Grant state. While halted, the MPU will not 
respond to external real-time requests. (FRG, МО) 1) although 
DMA/BREQ will always be accepted, апа NMi or RESET will 
be latched for later. response. During the Halt state О and Е © 
continue to run normally. If the MPU is not running (ВЕЗЕТ, © 
OMA/8REQI, a halted state (BAeBS = 1) can be achieved 
by pulling H НАСТ low.while RESET is still low. If DMA/BREQ 
and НАСТ are both. pulled low, the processor will reach the. 
last cycie of the instruction (by reverse cycle stealing) where 
the machine will then become halted. See gurê 3; 


BUS AVAILABLE; ‘BUS STATUS (ВА, 85) | 
Тће Виз Available output is an indication. of ап: internal 


. control signal which makes the MOS buses of the MPU high 
_ impedance. This signal .does not imply. that. the bus will be 


available for more than one.cycle. When BA. goes low, а. 
dead cycle. will: elapse before the MPU acquires the bus. 


Тһе .Виѕ Status. output signal, when decoded with BA, 
геріеввоса the MPU state (valid with (80209, 6و‎ of Q). 


A سے‎ MPU State Definition 


Normai (Running)‏ افق 
Го | 1 | Interrupt or Reset Acknowledge‏ 


| 1... 1 |. Halt or Bus Grant Acknowledge 


“UMOS UBLI 194008 өјодо BUO 14538 JO IND эиюо им v3 10 "m Áq pexyesd sépoo әзер чим sued :310N. 


——— 


۱۷۱13011 ад ол: | De . | ۲۳110110115101 ЕТІ: 01 
sity 1514... Эа мом 
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Btu [4U. 040 GU peu ç+U асъо 


MOTOROLA 


9NINH. 13539 — £3Un5I3 


8 MHz 18 pF 18 pF 
6 MHz | 20pF | 20 pF 
4 MHz 24 pF 24 pF 


0.01-0.02 pF 
РгОК 


All parameters are 10% 
*NOTE: These are representative AT-cut crystal. parameters only. Crystals of other 


Typical РС Board Layout types of cut may also бе used. 


| for Crystal Area 
20 mm max. | 


ИДЕТ 


20 тт тах. 


| = NOTE: Waveform measurements for ail inputs and outputs are specified 
: at logic. high 2.0 V and logic low 0.8 V unless otherwise specified. 


Other Signals: 
Not Wired іп 
This Area. 
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2nd To Last ۱ 
Last Cycle . 
Cycle Of Of 


Current Current: Dead 


Bus 


FIGURE 9 — HALT AND SINGLE INSTRUCTION 
` EXECUTION FOR SYSTEM DEBUG 


Dead Inst. Instruction. Dead 


Inst. Inst. — Sica Halted s | Cycle | Fetch жалы Cycle | Halted 


Fetch Execute 


Instruction 
Opcode 


NOTE: Waveform measurements (ог. а inputs and outputs are specified. at logic high 2 Q.V and logic low 0.8 V uniess otherwise specified. 


interrupt Acknowledge is indicated durin ng both cycles of а 


hardware-vector-fetch (RESET, NMI, FIRQ, ГАД, SWI, 
SWI2, SWI3). This signal, plus decoding of the lower four 
address lines, can provide the user with. an indication of 


which interrupt level is being serviced and allow. 06600 Бу. 


device. See Table 1. 


Sync Acknowledge is indicated while the MPU is waiting : 


for external synchronization.on an interrupt line. 


Hait/ Bus Grant is true when the Mere | is in a Hait or Bus 
Grant condition. 


TABLE 1: MEMORY МАР ҒОЯ INTERRUPT VECTORS 
Memory Map For 
Vector Locations 


interrupt Vector 
Description 


NON MASKABLE INTERRUPT 5۳۶ ۶۰ 


А negative transition on this input requests that a non- 
maskable interrupt sequence be generated. A non-maskable 


: interrupt cannot be inhibited ed by the program, and also has a 


higher priority than FIF FIRG, TAG or software interrupts. During 


: recognition of ап NMI, the entire machine state is saved on. 


the hardware stack. After reset, an NMI will not бе. recogniz- 
ed until the first program loz load of the Hardware Stack Pointer 
(5). The pulse width of NMI low must be at least one E cycle. 

If. the: NMI input does not meet the minimum set up with 


‚ respect to О, the interrupt will not be:recognized until the 


next cycle. See Figure 10. 


FAST-INTERRUPT REQUEST (FIRG)* 

A low level'on this input pin will initiate a fast interrupt se- 
quence, provided its mask bit (F) in the CC is clear. This se- 
quence has- priority over. the standard Interrupt Request 


ПАО); and is fast'in the sense that it stacks only the contents 
‚ of the condition code register and the program counter. The 
` interrupt service routine should clear the source of the inter- 
: rupt before, e an RTI. -See Figure 11. 


| "re REQUEST (iRG)* 


A low level input on this pin will initiate an Interrupt Re- 
quest sequence provided the mask bit (I) in the CC is clear. 
Since IRQ: stacks the entire machine state it provides а 
slower. response to о interrupts than FIRO. IRO also has a 


; lower priority than FIRG. Again, the interrupt service routine 


should clear the source of the: interrupt before doing ап: nm 
See Figure. 10. | 


"NMI, FIRG, and THO requests are sampied on the falling edge of Q. One Әдік із required for. synchronization before these interrupts are recog- 
nized. The pending interrupt(s) will not be serviced until completion of the current instruction unless a SYNC ог CWAI condition is present. if IRQ 
and РНС do not remain low until completion of the current instruction they may not be recognized. However, NMI. is latched and.need only re« 


main low for one cycle. Мо interrupts are recognized or latched between the falling edge of 


RESET o ee 
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and the rising edge of 85. indicating 


: : ‘Kuo езџвјејеј јој umous хоор 3. 
грашоаде بس سی‎ ssojun: A обо рие 2- 


Б a Te i z | \ ( Х Х мун 
| 124 . Ноа 
УЙЛ мем мем YWA ноо моду 8999 dO ни XI нА зл HSN ISN Hod 


124 УЙЛ 
poe E I ү 


(oun IWN 

6444 (08) оош 
1+99 24 (WN) (IN) 
MON MON 3333 0344 2344 4444 21-4514-4501-456-45 8-45 /-dS 9-dS 9-45 9-45 E-dS Z-dS 1-46 4334 24 sng 
Ал KEL X X XJ X OX О XX X XC X EE | ED 


0 
0 


oJ 


КЕТЕ о КЕЗЕ osu esw سدو|‎ оные esw [ce | reu] ul TE -ulz- ш | 


| -— - - aouenbag 49194 Jo138A pue биеэс idna] ле | | 
40194 : EE т | : ۱011311501 
00113519101 | | | 1 : مین اہ‎ jo 
| : ۳ : 8۸ Ise} 


эмии. Ld NUTINI INN ОМУ ош — 01 UNI 


ductor Products Inc.. 


(M) MOTOROLA Semicon 


0 


1 


“Мо еоџејаје: 20) UMOUS 330/53 
U! Пе јој змошелсевш иноуэлем ION 7 E 


“‘poytoads N 8'0-- о] 07 


vononsisuy =: 
100903 јој И 


: eouenbag 2194 зоїоәд pue Bunos упале 
on ) м Ж: 800 1٦ 


ONIWIL 14пыызім оны — и JUNO 


iconductor Products Inc. 


we 
E 
YWA lod MON H2d мәм УМА #22 Hod 128 YWA 
ееп 
нч 
А 594 

КЕР! мем Od MON 4544S 13445 94446 34448 . t-dS е: 
: sse pp 
Bd 
7A 


| (M) мотоногл 


1 


XTAL, EXTAL 


These inputs are used to connect the on-chip oscillator to 
an externai parallei-resonant. crystal. Alternately, the pin 
EXTAL may be used as a TTL level input for external timing 
by grounding XTAL. The crystai or external frequency is four 
times the bus frequency. See Figure 8.: Proper RF layout 
techniques should be observed in the layout of printed circuit 
boards. 


Еа 

Е is similar to the МС6800 bus timing. signal $2: Qisa 
quadrature clock signal which leads Е. О has no parallel on 
the MC8800. Addresses from the MPU will be valid with the 
leading edge of Q. Data is latched on the falling edge of Е. 
Timing for E and О is shown in Figure 12. . 


MRDY* 
This input control signal ailows stretching of Е and О to 


extend data-access time. Е and © operate normaily ۰ 


MRDY is high. When MRDY is low, E and. О may be stretch- 
ed in integral multiples of quarter (4) bus cycles, thus allow- 
ing interface to slow memories; as shown in Figure 13(A). 


During non-valid memory access (УМА cycles) MRDY has . 


no effect on stretching E and Q; this inhibits slowing the pro- 
cessor during "don't care" bus accesses. MRDY may або be 


used to stretch clocks (for slow memory) when bus control . 


has been transferred to an external device (through the use 
of НАСТ апа ОМ 

NOTE: Four of the eariy production mask sets (G7F, T5A, 
P6F, T6M) require synchronization of the MRDY input with 


the. 4f clock. The synchronization necessitates an external ? 


oscillator as shown іп Figure 13(B). The negative transition 
of the MRDY signai, normally derived from the chip select 
decoding, must meet the tpcs. timing. With’ these. four 
mask sets, MROY's positive transition must occur with the 
rising edge of 4f. 

In addition, on these same. mask sets, МАОҮ will not 
stretch the E and Q signals if the machine is executing either 
а ТЕА or ЕХ6 instruction during the НАСТ high-to-low tran- 
sition. If the MPU executes a: CWAL instruction, the machine 
pushes the internal registers onto the stack and then awaits 
an interrupt. During this waiting 080 it is possible to piace 


FIGURE 12 — eza RELATIONSHIP 


Start of Cycle 
| : 


| Address Valid 


NOTE: Waveform measurements for all inputs and outputs are 0 at logic high 2.0 V and logic low 0.8 V unless otherwise specified. 


*The on-board clock generator furnishes Е and О to both the system and the MPU. When MRDY is pulled low, both the system clocks and the. 
input stops the internal MPU: clocks while allowing the external system clocks 
to. RUN (i.e., release the bus to а OMA controller). The У internal MPU clocks resume operation after OMA/BREQ is released or after 16 bus 
cycles (14 ОМА, 2 dead), whichever occurs first. While DMA/ BREG is asserted it is sometimes necessary to pull MRDY low to allow ОМА to/ 
from siow me nory/peripherals. As both MROY and DMA/BREQ control the internal MPU clocks, care must be exercised not to violate the 
maximum ‘сус specification for MROY or OMA/ BREG. (See Note 5 in Bus Timing.) 


internat MPU clocks are stretched. Assertion of DMA/BR 


MOTOROLA Semiconductor Products Inc. 


ла 


. the DMA controller. .- 


the MPU into a Halt mode to. three-state the machine, but 


.MRDY will not stretch the clocks. ES 


The mask set for a particular part may be determined by ... Ж 
examining the markings. on top of the part. Below the part . / 
number is a.string of characters. The first-two characters are B 
the last two characters of the mask set code. |! there are only 
four digits the part is the G7F mask set. The last four digits, 
the date code, show when the part was manufactured. 
These four digits represent. year and week. For example a 
ceramic part marked: 


is a TSA mask set made the twelveth week of 1980. 


DMA/BREQ' 
The OMA/BREQ input provides:a method. of suspending 


‚ execution and acquiring the MPU bus for another use, as 
4; Shown in Figure 14. Typical uses include. ОМА and dynamic 


memory refresh. 
Transitions of DMA/BREQ should occur during О. А low ` 


> level on this pin. will stop instruction execution at the end of 
: the current. cycle unless 5 pre-empted Бу seif-refresh. The 


MPU will acknowledge DMA/BREQ by setting ВА and BS to 
a-one. The requesting device will now: have. up to 15 bus 
cycles before the MPU retrieves the bus for self-refresh. Self- 
refresh requires one bus cycle with а leading and trailing.: 
dead cycle. See. Figure 15. The self-refresh counter is oniy | | 
cleared if DMA/BREQ is inactive for two or more MPU 
cycles. 

Typically, the ОМА controller wilt request to чзе the bus 
by asserting DMA/BREQ pin:low on-the leading edge of E. 
When the MPU replies by setting BA and BS to а one, that 
cycle will be a-dead cycle used.to transfer bus mastership to 


False memory accesses may be prevented during any dead 


cycles by developing a system DMAVMA signal which is 
LOW in any cycle when BA has changed. 


End of Cycle (Latch Data) 


| When BA goes low (either as a result of 77755۳ = . . This sequence begins after RESET and is repeated indefinite- 
HIGH or MPU seif-refresh), the ОМА device should be taken · ly unless altered by a special instruction or hardware occur- 
€ off the bus. Another dead cycle will elapse before the MPU - rence. software instructions that alter normal MPU operation 
| accesses: memory, to allow transfer of . bus mastership аге: SWI, SWI2, SWIS; CWAI, RTI and SYNC. An interrupt, 
4 without contention, ^ = : НАСТ. or DMA/BREG can also alter the normal execution of 
i 1 instructions. Figure : 16 illustrates | the flowchart for the > 
MPU OPERATION MEE 


During normal operation, the MPU fetches an instruction 
„гот: memory апа then -executes the. requested function. 


FIGURE 134) — MRDY TIMING 


FIGURE 13)8( — MRDY SYNCHRONIZATION 


4.0 MHz 
Oscillator 


MRDY Stretch 


Synchronization 


Active Lo 
Chip Select 
‚ For Slow 
Memory ог” 
Peripheral 


MROY Stretch 
Stretch = 0.7 RC 


To Memory - 
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DMAVMA* ا \ ر‎ | / \ 
ADDR : i 
(MPU) | 
ADDR 

(ОМАС) 


FIGURE 15 — AUTO-REFRESH ОМА TIMING (> 14 CYCLES) . 
| (REVERSE CYCLE STEALING) | 


Бо MEER DMA Cycles سس‎ cC وا‎ Ei ИИИ РИ چ‎ 
boot | | | | 1 


WE | NM اک‎ 


"017۸۷۱۸۸ is a signal which is developed externally, but is a system requirement for DMA. Refer to Application Note АМ-8. 


NOTE: Waveform measurements for all inputs and outputs are specified at logic high 2.0 V and logic low 0.8 V unless otherwise specified. 
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The- basic instructions of. any computer are greatly 
- enhanced: by the presence of powerful addressing modes. 
The МС8809 has the most complete set of addressing modes 


available on.any microcomputer today. For example, the. : 


MC6809: has 59 basic instructions; however, it recognizes 
7 -1464..different variations of instructions and addressing 
modes. The addressing modes support modern programm- 
"ing. techniques. The following addressing. modes аге 
available on the MC6809: 

inherent (Includes Accumulator! 

Immediate 

Extended 

: Extended Indirect 

2 ‘Direct 

“Register 

Indexed 

Zero-Offset 
Constant Offset 
Accumulator Offset 
Auto Increment/ Decrement 
Indexed Indirect 
Relative · 
Short/ Long Relative Branching 
Program Counter Relative Addressing 


INHERENT (INCLUDES ACCUMULATOR). 

In. this addressing mode, the opcode of the instruction 
contains all the address information necessary. Examples of 
Inherent Addressing are: ABX, DAA; SWI, ASRA, and 
CLRB. 


IMMEDIATE ADDRESSING 


In Immediate Addressing, the effective address of the data | 


is the location immediately following the opcode (i.e., the 
data to be used in the instruction immediately follows the op- 


code of the instruction). The МС8809 uses both 8 and 16-bit . 


immediate values depending. on the size of argument 
specified by the opcode. Examples of instructions with Im- 
mediate Addressing are: ; 

LDA. #$20 

LDX #$F000 

LDY #CAT 


NOTE: £ signifies Immediate addressing, $ signifies hexa- 
decimal value: : 


EXTENDED ADDRESSING 
In Extended Addressing, the contents of the two bytes im- 

mediately following the opcode fully specify the 16-bit effec- 
tive address used. by. the instruction. Note that the address 
generated by an extended instruction defines an absolute ad- 
dress and is not position independent. Examples of Extended 
Addressing. include: 

LDA CAT 

STX MOUSE 


LDO $2000 .. 


ADDRESSING MODES 


EXTENDED INDIRECT | 

As. a. spécial case of indexed addressing (discussed 
below), one level. of indirection may be added to Extended 
Addressing.. In Extended’ Indirect, the two bytes following 
the postbyte of.an Indexed instruction. contain the address of 
the data. | 


LDA [CAT] ` 
LDX ($FFFE] 
STU [DOG] 


DIRECT ADDRESSING 

Direct addressing is similar to extended addressing except 
that only one byte of address foilows the opcode. This byte 
specifies the lower 8 bits of the address to be used. The up- 
per 8 bits of the address are supplied by the.direct page 
register. Since only one byte of address.is required in direct 
addressing, this mode requires less memory and executes 
faster than extended addressing. Of course, only 256: loca- 
tions (опе page) can be accessed without redefining the con- 
tents of the OP register. Since the ОР. register is set to.$00 on 
Reset, direct addressing on the MC6808 is compatible with 
direct addressing.on the M6800. Indirection is not allowed in 
direct addressing. Some. examples of direct +70783 are: 


LDA. $30 

ЗЕТОР $10 (Assembler directive). 
LDB $1030 ` 

LDD < CAT 


NOTE: < is an assembler directive which forces ‘direct 
addressing. ` 


REGISTER ADORESSING 

Some opcodes are followed by: a byte that defines a 
register or set of registers to be used by the instruction. This 
is called а postbyte. Some examples of register addressing 
are: . Pu | 


ТЕН X, Y Transfers X into Y 

EXG А, B Exchanges A with B 

PSHS А, B, X, Y Push Y, X, В and A onto S 
PULU X,Y, D 


Pull D, X, and Y from U 


INDEXED ADDRESSING 


In all indexed addressing, one of the pointer registers (X, 
Y, U, S, and sometimes PC) is used in a calculation of the ef- 
fective address of the operand to be used by the instruction. 
Five basic: types of indexing are available and are discussed 
below.. The-postbyte of an indexed instruction specifies the 
basic type and variation of the addressing mode as well as 
the pointer register to be used. Figure 17 lists the legal for- 


.mats for the postbyte. Table 2 gives the assembler form and 


the number of cycles and bytes added to-the basic values for 


‘indexed addressing for. each variation. 
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FIGURE 17 — INDEXED ADDRESSING POSTBYTE 7 Zero-Offset Indexed — In this mode, the selected pointer 


REGISTER ВІТ ASSIGNMENTS  . ` register contains the effective.address of the data to.be used: 


1 ЛТ, -by the instruction.. This is the fastest 7 mode: 
„ examples are! 5 
ЕЛЕЛЕЗЕЛЕЛЕНЕНЕЛ LOD. 0х. 


М 
оя я ааа з з ва-л Sel Ofer | 


ФА KS 


"Constant Offset Indexed i Im this mode, a. 
` two’s-complement offset and the contents of one of the: 
"pointer registers are added to: form the effective address of; 
the operand. The ‘pointer’ registers “initial content. is чп- 
changed by the addition. 
Three sizes. of offsets are available: 
5 -bit (= 16 to +15) 
8 -bit (- 128 to +127) 
16-bit: {= 32768 to” “+ 32767)" p A EM 
. The two's complement | اظا5‎ offset S included in the 


| "| аја| [о[1]0]0][ _ EA=R +0 Offset | 
яя 0I 1|0 1 [EA 2,8 + ACCB Offset | 
таа то [т |1 | 0 [ea = „Я + ACCA Offset] 
л вн + | -т 10] 0] 0 | А = „А -88it Offset | 
аа аера Го Тот | А = „А +16 Вк Offset | 
ЕЕ И НИ ОИ ат А" = Ri +0 Offset 

ах хатт [о | 0 ЕА = РС +8 Bit Offset | 
ll харт o| 1 |ЕА = РС +16 Bit Offset | _ ostbyte and, therefore, is most efficient in use.of bytes and ` 
2:1:0 8 ‚ Cycles. The two's complement &-bit offset is contained. ina. 


Single byte following the. Postbyte. Thé two' С complement 
md Мода Field ‘16-bit. offset is in the two bytes following. the postbyte..In 
- most cases the: programmer , need not be concerned: with the | 
size of this offset since the. assembler will select the optimal : 
size automatically. T 
о Examples. of constant-offset indexing are: 


„Register. Field: AR ма LDAP ۷ے‎ 


indirect: Fieid 
“(Sign bit ууһеп- 67: = 0) 


Oax . 7 TERES e 
Oey 3 шх. p 2S: 2 
0-0 LOY: FOOT 


: "اچچ وت‎ .LDU САТ,У 

x = Don't Care res x А 

= Offset: Bit. 

Oz Not Indirect | 2. Vus‏ ے 
Indirect NIE: К :‏ = 1 


TABLE 2 — INDEXED ADORESSING MODE 


5 Bit Offset 2 
2884 Offset. n, а 1RRO1000. ЖЕШ 
16 Bit Offset n, | 


е 87 Offset. . 


(25 سے سس سس‎ Offsets) 


|| Accumulator: Offset: From R 
"| (2's: Complement Offsets) >” 


8 ГУ 
AR نات‎ RSET | انت‎ i 
MX 8, Я 1RROO101 | 104 TE: RI 188101017 145 
3 Pus gister Offset D, R 1ВВ01011- اوس‎ В 


Ашо Increment/Decrement А | Increment.By 1 _ | A+ 19900000 | 2.0 fees 
ТИ РИКА ++. 19800001 peer ТЕ! 1810007. Tes] 
“Decrement ayia 0000 N шше То ; 


Constant Offset From РС _ PCR _1хх01100.]..1._1. |. 
(2's Complement Offsets) E 
Extended Indirect ECKEN | 


Я = X, Y,UorS ۱ 
x = Don't Care ^'^ па: 
“00аХ 
012 Y 
10: U 
11=$ 


+ апа J indicate the number of additional cycles and bytes for the particular variation. 
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- Accumulator-Offset indexed — This mode 15. similar to 
constant offset indexed ‘except that the two's-complement 
value іп one of the accumulators (А, 8 or D) and the con- 
tents of one of the pointer registers are added to form the ef- 


fective address of the operand. The contents of.both the ac- 


cumulator and the pointer register are unchanged by the ad- 
dition. The postbyte. specifies. which accumulator to. use as 
ап offset апа no additional bytes.are required. The advan- 
tage of ап accumulator offset is that the value.of the offset 
can be calculated by a program at run-time. 

Some examples are: 


ФА ву 
LOX оу 
LEAX В.Х 


Auto Increment/ Decrement Indexed — іп the auto.incre- 
ment addressing mode, the pointer register contains the ад- 

dress of the operand. Then, ‘after the pointer register is used 
© it is incremented: by: опе or two. This addressing mode is 
useful іп stepping through tables, moving data, or for the 
creation of software stacks: In auto decrement, the pointer 
“register is decremented: prior to use as the address of the 
data. The use of auto decrement is similar to that of auto in- 
‘crement; but the tables, etc., аге scanned from the high to 
low addresses. The size of the increment/ decrement can be 
either one or two to allow for tables of either 8 or 16-bit data 
to. be accessed and is selectable by the. programmer. The 
pre-decrement, post-increment nature of these modes allow 
them to be used to create additional: software stacks that 
behave identically to the U and. S stacks. 

Some examples of the auto increment/decrement. ad- 
dressing modes are: 


LDA XT 
STD ++ 
LDB ‚-У 
LOX -S 


Care should. be taken in performing operations on 16-bit 


pointer registers (X, Y, U; $} where the same register is used - 


. to calculate the effective address. 
Consider the following. instruction: 


‘STX 0,Х + + (X initialized to 0}. 


The desired result is to store.a 0 in locations $0000 and $0001 | 
then increment X to point to $0002. In reality, the following, 


“occurs: 

O temp ' calculate the EA; temp is a holding register 
X-2-—-X : perform autoincrement | 

петр) .. do store operation:‏ سر 


INDEXED. INDIRECT 


‚АП of the indexing modes with the exception. of auto سيا‎ 


crement/ decrement by one, ога + 4-bit offset may have ап 

additional level of indirection specified. In indirect adddress- 

ing, the effective address is contained at the location 

specified by the contents of the Index register pius any off- 

set. In the example below, the A accumulator is loaded in- 

directly using an effective address calculated from the Index 
- register and an offset. 


Before’ Execution 
А = ХХ (don't саге) 
Х=$Е000 ` 


30100 LDA. [$10,X]. БА is now $2010 


3010-9002 $72160 is how the > 
$Р011 $50 222: йем ЕА 
$F150 $AA : 


soo After- "09 5 
: = ЗАА Actual Data Loaded 
7 X= $2000 


4 АШ. modes of indexed indirect are included: except those 
which are meaningless (8.g., auto. increment/ decrement by 
1 indirect). Some examples of indexed. indirect are: 


‘LDA LXI LDA: -.[B. Y] - 
000: [168]. 10р (х++] 
RELATIVE ADDRESSING _ 


The byte(s) following the branch opcode is (are) treated as | 
a signed offset which may. бе added to the program counter. : 
If the branch condition is true then: the calculated address 
(PC + signed offset) is loaded into the program counter. 
Program execution continues at the new location as in- ` 
dicated by the PC; short (1 byte offset) and long (2 bytes off- 
set) relative addressing modes are available. All of. memory 
can be reached in long relative addressing as an effective ad- · 
dress.is interpreted modulo 216: Some examples of relative 
addressing are: : 


BEQ CAT (short) 
BGT DOG. (зћоп) 
CAT LBEQ RAT (long) 
006 LBGT RABBIT (long) - 
• 
• 
• 
“ВАТ NOP .. 
RABBIT МОР. 


PROGRAM COUNTER RELATIVE 
` The PC can. be used as the pointer.register with 8 or. 16-bit 


'Signed offsets. As in relative addressing, the offset is.added 


to the current PC to create the effective address. The effec- 


` tive address is then used. as the address of the operand ог 
- data. Program. Counter -Relative Addressing is used: for 


writing position. independent programs. Tables related to a- 
particular routine: will maintain the same relationship after 
the routine is moved, if referenced. 9 to 98 Program р 
Counter. Examples are: 

LDA CAT, PCR 

LEAX- TABLE, РСЯ. 

Since program counter relative is a type of indexing, an 

additional level of indirection. is availabie. 

LDA [CAT, PCR] 

LDU (DOG, PCR] 
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= The instruction:set of the MC6809 is similar: to that of the 
۸۸۷89800 and is upward;compatible-at the source code level. 
4 The number of opcodes has been. reduced from.72:to. 59, but. 
because of the expanded architecture and additional ad- 
dressing modes, the number of available opcodes (with dif- 
ferent addressing modes! has risen from 197 to 1464. 
Some of the new instructions are described in detail 
below: 


PSHU/PSHS ar 

The push instructions have the capability of pushing onto 
aither the hardware stack (S) or user stack (U) any single 
register, or set of registers with a single instruction. 


PULU/PULS 

The pull instructions. have the same capability. of the push 
instruction, in reverse order. The byte immediately following 
the push or. pull’ opcode determines which register or 
registers. are to be pushed or puiled. The actual PUSH/PULL 
sequence is fixed; each bit defines a unique register to push 
or puli, as shown below. 


STACKING ORDER 
PULL QROER 


PUSH/PULL POST BYTE 


PUSH OROER 


INCREASING 
MEMORY 


! 


ТЕА/ЕХС 

Within. the MC6809, any register may be transferred to or 
exchanged: with: another. of like-size; i.9., 8-bit.to.8-bit or 
16-bit to: .16-bit...Bits 4-7 of postbyte define the: source 


Хо =X 
X + 500 = X 


LEAX 10, X 

LEAX- 500, X^ 
LEAY A,Y| УФА У 
LEAY D Y | У+О mY 
LEAU=10,U | U- 40 =u 
LEAS =10,$ | 5-10 -S 
“LEAS. 10,85 | S.+.10 — 5 
ШАХ: &S| 5+5 =X 


 мсввов INSTRUCTION SET. 


TABLE 3 — LEA EXAMPLES. 
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` Adds 5-bit constant 10 to X 
Adds 16-bit constant 500 to X... 


-Adds: 16-bit О: accumulator. to: Y: " ` 


register, while bits 0-3 represent the 2 070 register. 
These are denoted. as follows: ; 


TRANSFER/ EXCHANGE POST BYTE 


SOURCE | DESTINATION] | 

| REGISTER FIELD 
` 0000- ОДА:8) 2. 1000 = А 
"0001 «X 1001 +8 

0010 = Y 51010 28 

0011 = U 1011 = ОРА 

0100 «5 

9101 = РС 


NOTE: All, other combinations a are > undefined and INVALID. ; 


LEAX/LEAY/ LEAU/ LEAS пеше , 
The LEA (Load Effective Address) works by ‘calculating 
the effective address used in an ‘indexed instruction and 


„stores that. address: value, rather than the:data.at.that ad- 


dress, in-a. pointer register. This makes all.the features. of the 
internal addressing. hardware available: to: the programmer. 
: Some of the implications of. ibis. instruction: are lust الس‎ in: 
Table3. . | 
The LEA instruction ‘also’ alow the: user, ‘to..access data 
and. ables ii іп: а. а position independent manner. Гог exemple: | 
n LEAX- MSG1, PCR 
LBSR РОАТА (Print message routine!’ 
2 : 


е 
2М850122 ЕСС... ‘MESSAGE’: » 
: This sample: program prints: MESSAGE’: RR witing 
MSG1, PCR; the'assembler computes: the distance:between. . 
the present address and°MSG1. This resuit ‘is placed: as à 
` constant into ‘the LEAX instruction. which will’ be: indexed: 


` -from the PC'value.at the time.of execution: No-matter where: 
> the:code is located, when itis executed, the computed offset: 


from the PC.will put the absolute address of М5б што the X: 
pointer register. This. code is totally position independent. 
“Тһе LEA instructions are very powerful'and.use an internal: 
holding register:(temp). Care must be:exercised when using 
the LEA instructions with:the:autoincrement and'autodecre-. ` 
ment addressing modes due to the sequence of internal. 


operations. LEA internal Sequence is outlined as follows: | 


LEAa ول‎ + > (апу of thë 16-bit pointer registers X, У, hd 
mc ED ors may бе substituted: for а апд b.) ^ | 

1. betemp ^ (calculate the EA) "n 

2.b-1—b (modify b, postincremen he 

3. temp=a_ (load a) 


Adds 8-bit. A accumulator. to Y 


Subtracts:10: тот U 7 - 

Used to reserve area оп stack ~ 
Used то ‘clean up’ stack: > 
Transfers ag well as'adds ^ ^^ 


LEAa ,- b 


1. b=1 temp (calculate EA. with predecrement) 
2.b-1—b ~ (modify b, predecrement) 
3. temp--a (load. a) 


Autoincrement-by-two and autodecrement-by-two instruc- 


tions work similarly. Note that LEAX ;X + does not change 
X, however LEAX, ~X.does decrement LEAX 1, X shouid 
be used to increment. X by one. 


MUL 


Multiplies the unsigned binary numbers i in the A and B ac- 

'cumulator: and places the unsigned resuit into the’ 16-bit D 

` accumulator: This unsigned multiply also allows multipie- 
precision multiplications. 


» 


Long And Short Relative алына 


"The: МС6809Е паз. the capability of ` program counter 
relative branching ‘throughout the entire memory map. In 
this mode, if the branch is to:be taken, the 8- or 16-bit signed 
offset is added to «ће ма це of the programi counter to be us- 
ed as the effective address. This allows the program to 
^. branch: anywhere. in. the .64K. memory. map. Position- 


"independent code can be easily generated through. the use of ` 


relative branching. Both short (8-bit). and.long (16-bit) bran- 
ches аге: available: : 


SYNC 
After encountering à Sync instruction, the MPU enters a 
Sync state, stops processing instructions and waits for an an in- 
».terrupt. If. the pending. interrupt 18. non-maskable {ММО or 
maskabie (FIRQ, IRQ) with its mask bit (Е ог) clear, the pro- 
cessor will clear the Sync state and perform the normal inter- 
rupt stacking and.service routine. Since.FIRQ:and IRQ are 


not edge-triggered, а low level with a minimum duration of. 


. three bus cycles is required to assure that the interrupt will 
Бе чакап, і? the pending interrupt is. maskabie. (РАНО, 159) 

- with its mask bit (F or!) set, the processor will clear the Sync 
State and continue processing by executing the next inline 
instruction: Figure 18 depicts Sync timing.. 


Software Interrupts | ; 

A Software Interrupt i is an instruction which will cause an 
interrupt, and its associated vector fetch. These Software In- 
terrupts are useful in operating system calls, software 
debugging, trace operations, memory mapping, and soft- 
ware development systems: Three levels of SWI are available 
on the MC6809, and аге Prioritized in the following order: 

“SWI, SWI2, SWI. 


16-Bit Operation 

Тһе МС6809 has the capability of processing 16-bit data. 
These instructions: include loads, stores, compares, adds, 
subtracts, transfers, exchanges, pushes and pulls. 


CYCLE-BY-CYCLE OPERATION . 


The address bus сусіе-бу-сусіе` performance ‘chart il- | 


lustrates the memory-access sequence: corresponding: to 
each. possible instruction and addressing. mode. in..the 
MC6809. Each instruction begins with. an opcode. fetch. 
While that opcode is being internally decoded, the next pro- 
gram byte is always fetched. (Most instructions will use the 
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next byte, 
throughput.) Next, the'operation of each opcode: ми follow 


х the- flowchart., VMA-is an indication of. ;:FFFF46 оп the:ad- 


dress ous, R/W. = tand BS: = 0. The following exemples il- 
. lustrate the: use of the-chart; see Figure 19. 


Example 1: LBSR (Branch Taken) 
Before Execution SP = 2000 


$8000 LBSR CAT 
; 5 pio 
ө 
3 nd 
$A000 CAT • 
OE CYCLE-BY-CYCLE FLOW 
Суве # _ Address . Data | R/W Description | 
ge T .. 8000 17 1. Opcode Fetch 
22225: 800-02-20 1. Offset High Әуе” 
37 8002 00 17: Offset Low, Byte 
4” FFFF =< 1 "УМА Сусје' 
5 FFFF * 75.1 УМА Cycle ' 
6 А000 ^ ” 1 Computed Branch Address 
7 FFFF * 1: ММА Cycle 
8 EFFF 80 0 Stack High Order Byte of 
© Return Address... 
"9 EFFE 03-0 Stack Low Order Byte of 
| Return: Address : 
Exampie 2: DEC (Extended) 
$8000 DEC $A000 
>Я 
• 
$А8000 $80 
CYCLE-8Y-CYCLE FLOW 
Cycle # Address Оаа R/W Description 
1 8000 7A 1. Opcode Fetch 
2. 8001 А0 1 Operand Address, High. Byte ` 
3 8002 00 1 Operand Address, Low Byte : 
4 FFFF е Т УМА Cycle 
5 A000 80 1, Read the Data 
6 FFFF * Т УМА Cycle. 
7 ` A000 7F 0 Store the Decremented Data ` 


“Тһе data bus has the data at that particular address. 


МС5809 INSTRUCTION SET TABLES: 


The instructions of ће MCSB09-have.been broken down | 


into five: different categories. They are as foilows: 
8-Bit operation (Table 4) 
16-Bit operation (Table 5) 
Index register/stack pointer instructions (Table 6) 
Relative branches (long or short) (Table 7) 
Miscellaneous instructions (Table 8) 


Hexadecimal values for the instructions are given im ` 


„Table 9. 


PROGRAMMING AID 


Figure 21 contains a compilation of data that will assist in 
programming the MCB8O9. : 


so: this Р considerably speeds ` 


‘patjiosds esimiayio ssojur A 9:0 мог 9160| pue A oz ЧОЧ 5160] ie pauioeds ore sindinó pue sindur jie 10j золотое илоуәледд ILON 


x И ‘NAS 30 170 10559909 oui 
бирд oj /uessóáoeu sı ајрАо euo Ajuo Чбпоцце *uexer eq oi 00060101 8570051556 01 5ајрло зәм 10} мај prey eq пш оуу pue OY} "жәр өзе SHG жеш) 7 
"(Burm idnsioiuy) 11 pue OL зопбн uo (w) se مکرہ‎ siut чим senunuoo 6115590019 10пләїш (он зо QUIS резвешиуп ue 10 WN) рәлдәоов si idnsjoy 

- әш بر‎ 'JOAG/^OH `L + Od Uoneoo] ssappe шоң Чор зопопдец Ue өд лл өрлдо SIU? ‘peisenbar sf 5 эбпәйл tjl ٥۱۸۸ 195 SI На xseur раје ове eui (٠ 


| sa E ; :S310N 


59% 
Z SION ees 


MIH 
А Cae = ed. 
x СЕС 
| 
2 | 
0 


{ 42193. Vononnsu om ебрејмоихо INAS Әтоәхэ ^. 42194 леш 
jonnsup 345 Jo : © epoodo полем 
0001 | Е | SuAg JO 3 

: °` ase] 


SNINIL INAS — 8t 381014 


із Inc. · 


Semiconductor Produc 


71 


MOTOROLA 


'snqg 59905682 ays jo AWIS 9U! orsiejár НАУ “E 
'Uononuisut eJois биџпр uoneiedo эвм Z 
"40191 apoodo jemu зэце pasoubi әд {илл 5ә146-әш с эбед pue z obed 10353500۰ у 4 


:SJ LON 


=F 


| IWIM YS 
YNA | 
abs PE 1545 
(1) 13811501 N Н 
38 (9) 10 (е) МИА 
Ог 9JnDi.J 295 | 


uonerado наду грозао мем — YOY 


(н) puI 
Tem 


ривәдо 10 ssaippy — ippy 
{с BION) ۱ 


YWA 


> 
ec 
> 
< 


А. ИДЕ iN e‏ و اب 
YHA УЙЛ УЙЛ УМА YMA d‏ | 
"I oet] | arel‏ 
i +НООУ |+ наду і + 000۷ 1 + наах‏ 
=наду -—Hudav -—uWudav -MWaadv „ВВ: 2d‏ 
.ا + 8 і +наду ۱ +наоу 1+ HOOV ] +۷ rg‏ 
۷+ و 8“ -udav‏ 00لا-- 1-UGGV -наау‏ 
822V‏ 7 
У22У‏ 
EE. А VINA -‏ 0 | | :| 
SHO —_loanpuy 5088091 жн Sg Ol +H 2 Aq ۲۸9۸ : | і +эрру —1рру‏ 
YAN í‏ یو میڈ | | 230/2 230/3 99+ E ON. рәриәіка‏ 


my omy 


MOTOROLA Semiconductor Products Inc. 


t +.рру— ppv 
ыы مض‎ 2.2, 


nang научу чое; 008 
pue эерэшил uoys био 


раритхј 
pexepu| 


(M) 


в BION) 


OE сылы дыны: 


1 +эрру—эрруу, 


t413} apoodg 10 sseippy + на У 


ЗОМУИЧИОЗИЗ4 312А2-А8:312А2 SNE SSIHOOV — 61 3uno9t 


61 ambii ој 


(МІЯ2У 15 D | 
2 UNI (MDIOVIS-. 7: У МИЛ: маду 
۴۴٥00-7۷7 YWA | ізнайу-наа” . VWA с. МИ "наду -uaav 
5 ~ . * x . me $ К E 5 9151 
1ئ‎ 
8815 
z vens 
815 
VIS 
8285 
КАТЫ 
ayo 
vuo 
нон vd 
SIR | 8803 
ee 851 Span : MD 
aans i 1 Коза 
" Хамо әм: | aug 
nis > ng XdW | 930 na | nn 
XLS | паи | | wo? хо pene 
nis SdW2 : WI c nai Boer 
515 Йй 2 0132 -fusy sai addy 
ais usr асау | 181 sv c 001 | а 
жен НИША Б p | - |e»av 
- {уау 
бі e Di 024 ; | . Siue: uup-UoN 


. {Q3NNUNOD | -— К 
JONVWHOJU34 312A2-A8-312A2 Sn 593000 :мошунзао — (WOZ 3unoid · 


| (М) MOTOROLA Semiconductor Products inc. 


24. 


75920 Өл иәші че qun жозо м sep4o YWA сү 

‘Panes зама jo raquinu 801:01 601000502 Азел {Нлл 59559228 дов Jo GUNU оц1 Е 

“191461 285) ۸0139۸ 1850: 10 упивил ue jo sseJppe өңі or сірә: JO199A "Z 
|545 727) 9108 xoels әзелар:ец eur esn SINA SHSd PUL (N= 45 791) заплод дов osn 801880 ѕиопоплѕи (ind ‘NHSd 
ЭП t d$—4dS اد‎ '{ = Мун чим dS наау :9»uenbss бимлоно} out oi ѕзәјә (ы) JVS 

0-М/Н ЧИМ JS 00۲لا--‎ Чәч! "1 – 45—45 :e»uanbes бимоцо) eui oi S1840 (AA) 32215 71. 


:5310М 
бі этб رہ‎ 5 
Е 
8 
3 
2 9 
YWA УЙЛ О 
Џ Џ 
0—A4ShH . 0—А5П8 а. 
. ‘(T 00103۸ ')٦٦ ٣٥۸ б 
45--тру 1-А5Пй t—AShg <> 
IH) НОЛОЗА “іні HO123A S 
p том І 6 
МИЛ! VINA © 
(н) YOVIS | dS—youv Bio 9 
(н) 4991$ | | E 
(н) YOVIS (MDIDVIS (МУ ХО 15 vuou Ф 
)0 32915 IMPIOVIS IMPIOVIS سن‎ o 
(Н! 29915 (Н) 2991$ IMPOVIS IMDIOVIS YNA “JON. 
ІНІ 2915 (Ы) NOVAS UMPIOVIS IMPIOVIS YWA 830 $ 
iJ) 56 )۸( 233718 )۸۸( 35 VWA ~ wl 
IH) 58 IMDIOVIS 1М130915: g E SION CWA (БЕУ 0 
(4) 2915 IMPIOVIS IMbrovis 71ء‎ CWA aust | 
(Ы) 32915 (IOVIS. IMPIOVIS o EON SWA Унет t 
(058 ۸۸ 5 М! бі GWA VINA Ma 0 
IMDIOVIS IMPIOVIS | VWA tu) vis ZB 
IMDIDVLS IMPIOVIS Miu 
воза 
уэза $ | 
; YWA ууа 
VWA WHA VWA ` 803 . | 
| | YWA ۲٢0 
VIA VINA YWA УЙЛ | | УМА o УЙЛ. 8013 ۱ 
| UM А. 5815 
(Н) #29 5- t* ugav—udgv 80۷ 


6 EIMS 
9084 ams Snag SHSd 
ETE Siu ×٦ 


9x3 н 
)3077م‎ ‘ - 


М 61 eniy wos, aeg зчәзәци 


37۳1۷۷۷۱۵۱۵34 312A2-A8-312A2 SNA SS3UGGV :NOLLVH3dO — 


(еюг 3800751 


ASL, ASLA, ASLB | 


“СМРА, СМРВ | 


“ОА, LDB ___-____| Load accumulator from memory === == QUSE 


zi 


MUL у. 


~~ ROL, ROLA, ROLE 
... ЛОЯ, НОНА, RORB | 
. (SBCA, 5668 


| a on 
= (ADDO. Ae ~. Add. memory. 10.0: accumulator. . 


Тея, О 


NOTE: O.may be pushed (pulled) to either stack with PSHS, PSHU (PULS, jen 


TABLE 4 — 8:8IT ACCUMULATOR AND MEMORY INSTRUCTIONS 
|LL2Mnemonicis | Operation: 
= Add memory to accumulator with carry... RE 


ADOA, ADO 
ANDA, АМО Arid memory with accumulator. . 
SR; ASRA 
DB 


Arithmetic shift of accumulator-or-memory tight... 
Bit: test: memory: with accumulator e 
` Clear accumulator or memory location 
Compare memory from ‘accumulator 
Compiement.accumulator ог. memory locatio 
Decimal adjust A accumuiator | 
Decrement accumulator ог memory location 
Exclusive: or. memory. with accumulator... ` ie 
Exchange 81 with R24R1,.R82.2 А, 8, CC, ODPL: 
‘Increment accumulator. or memory location: 


ВТА; BITS 
LR, CLRA, CLRB 


o 


о 


Arithmetic shift of accumulator or.memory left =: 


nos 


Ге) 


paa E 
DEC. DECA, DECS ad 


NC, INCA; INCB 


o 


o 


m 


T 


SL, LSLA, LSLB Ё 


58, LSRA,.LSRB 


Logical: shift left accumulator or memory location 
^: Logical shift rignt-accumulator.or тетогу location .. : 
Unsigned multiply (A x В. =. 0) | 
Negate accumuilator-or-memory : ст 
Or memory with accumulator 
Rotate accumulator ог. memory left 7 
Rotate accumuiator or memory right 


NEG, NEGA, МЕСЯ 


RA, ORB 


В < 
, Ва а 
ASR, ASAS |. 


o 


m 


ЖЕЙДЕ" 


TA, 518 
ОВА, 5088 Subtract memory from accumulator. , aM 


ST, TSTA, TST8 | Test accumulator ог memory юса 
ER 81,82 _· |- Transfer Al to R2 (R1; A2 = А, 8, CC, ОР. T | 


EZ ESTE] 


NOTE: А, B; CC or OP may be pushed to (pulled from) either stack with PSHS, PSHU (PULS, 
و‎ PULU) instructions. с а та 2. 


TABLE 5 — 16-BIT ACCUMULATOR AND MEMORY INSTRUCTIONS 


Compare memory from: D accumulator: 


Exchange D with X; Y, S, U'or PC 
| Load О accumulator, from memory m 
|^. [SEX | Sign Extend B-accumulator into А accumulator i 

570 Зіоте -D accumulator to memory, 


Transfer X, Y;.S,'U-or PC to О 


PULU) instructions. ... 
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TABLE 6 — INDEX REGISTER/STACK POINTER метарсона 
кр es aan To 
| CMPS, CMPU 


X, У, S, U of PC with D, X, Y, S; Uor PC‏ پر سد وت 
LEAS. LEAU Load affective address into stack pointer‏ 


i 
‘| Load’ index register from memory : 

aa eE DAY Ua Ea a‏ جج 
Push A, 8. Cc. OP. о, 7 Y. S. or PC onto user stack -‏ 
[PULS [Pul A, 8, CC. OP, D. X, Y, U or PC from hardware stack |‏ 
ЛҮ? 8, CC, DP, О, X, У; Sor РС. from hardware stack.‏ لت 
| 
ex Add B accumulator То X (unsigned) _‏ 
TABLE 7 — BRANCH INSTRUCTIONS _ `‏ .. ‚ 
maT em |‏ 
қ‏ 
| 
ЕН‏ سسجت 
it overflow. set.‏ ل _... Branch if overflow.set‏ | 
سے ہس по с‏ شا cime р [шз‏ 
iplis атым |‏ 
| 
ہہ ہہ وس [Козо ama en‏ 

OTHER BRANCHES 


TABLE 8 — MISCELLANEOUS INSTRUCTIONS : 

LCDBMEENEMNI TJ T OY C RO или 

[ма | operation 

аи‏ مت مات ہے ےگاھد 

L--— A ——— 
[олло NENNEN 


| SYNC Synchronize with interrupt line 
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۸۸۵۳ 
0 NEG ہے‎ 


02 Ы 


03 сом. 
04 ESRO 
(8.2 : 
06 ROR: 

2072 ASR 
08... ASL, LSL 
09... ROL 
QA’. DEC 

202“ 

OC... INC 
QE... JMP 
OF... CLR. 
10.. Page2. 
11 Page3. 

. 12 | NOP... 
13 . SYNC 

NB Жолы. 

. 15 M А 
16 ·. LBRA 
17 LBSR 
В. 
19 ‹ DAA. 
ТА > ORCC 
8.” 
1C... ANDCC 
1D . SEX 
ТЕ | EXG. 
ЈЕ TFR: 
20 . BRA 
21 . BRN 
2 вн 
23 85 
24... BHS, ВСС 
25 ` BLO, BCS 
26 BNE 
27 ., ВЕС 
28 . BVC 
29 ВУ5 
2A BPL 
28 вм! 
2C. . ВСЕ 
20 : آ8‎ 
ФЕ BGT 
2F - BLE. 
LEGEND: 


۴ 


inherent. 


Relative 
Relative 


Inherent. 


Immed 


Immed 
Inherent 


Inherent 


Relative 


Relative 
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~ NN 
+ 
m 


جم جم جم جم جم جم جم جم جم جم جم جم جم омм‏ 
کی 
ч‏ 


Ё ё 


Мпет 
LEAX 
LEAY 
LEAS 
LEAU 
PSHS 
PULS 
PSHU 
PULU 


RTS 
ABX 
RTI 
CWAI 
MUL 


ЕСЕ 


1548 


= Number of MPU cycies (less possible push рші or indexed-mo: 
# Number of program bytes 
* Denotes unused opcode 


27 


Mode ~ 


3. uk ОР Мпет 
Indexed 4+ 2+ 2:60 NEG 
А 4+ 2+ 61 * 
у 4+ 2+ 0862. 7 0-7 
Indexed 4+ 2+ 63 COM 
inherent 5+ 2 . 64 LSR 
s 8+ 2 285 .*. | 
54 2 66 ROR 
6+ 2. .87 -ASR 
` 68 ASL, LSL 
5. 1 69 ROL 
3. 1 бА . DEC 
6/18 1! 68° 
220 2 6C ` INC 
1 е 
« :6E . JMP. 
Inherent 19 1 6F CLR 
Inherent 2 ْ 1 70 ... NEG 
RIS ЫЕ: 
2° 1 73 COM 
Ју 1 74 LSR 
E ri 
2 1 76 ROR 
2 1 77 ASR 
24 1 78. ASL, LSL 
2 1 79 ROL 
2: 1 7A... DEC 
у 78. ° 
2 1 70 INC 
2 1 70... TST. 
К 7Е ЈМР 
Inherent 2/1 7۴۰۰ CLR 
inherent 2 1 80 SUBA 
: 81. СМРА 
> 82 · SBCA 
2. 1 83 SUBD 
2: 1 84 ANDA 
` 85 ВІТА 
2 1 86 LDA 
2: 1 87 E 
2 1 ;88 ЕОВА 
2x 2789 АОСА 
2. 1 ВА `: ORA 
че 88 ADDA 
24-1 8С > CMPX 
2 1 80 . BSR 
: 85 : LDX 
inherent 2. 1 8+ ^ 
de cycles) 
Semiconductor Produ 


cts Inc. - 


Mode ~ . 
Indexed. 6+: 


Indexed 6+ 


Extended 7 : 


Extended. 


7 
2.7 
(4 
7 


immed: 


Relative - 7 
Immed · 3 


оз 0) 03. €) 


NNN ON Ба ہے جم‎ 


NOTE: 


All unused opcodes are both undefined 


and illegal 


TABLE 9 — HEXADECIMAL VALUES OF MACHINE CODES (CONTINUED) 


Mode. ~ 
Direct 


fO М РӘ PO PO جم ہم‎ PO جم‎ F2 F2 جم بح جم‎ FO о a 


~ ~ 
+ + 


~ 
+ 


22% 


indexed | 2+ 


Extended 


оз оз оз ој еј د‎ оз ©) C) ОЎ C) 62 CJ رھ دہ دی‎ 


NNNNN ~ 
++++ ++ 


Мпет 
SUBB 
CMPB 
sacs 
ADDO 
ANDB 
BITS 

LOB 


EOR8 
ADCB 
ORB 
ADOB 
ро 


LDU 


5988 


; CMP8 


5868 
А000 
АМОВ 
BITB 
LDB 
STB 
EORB 
ADCB 
ORB 
ADOB 
LDO 
STD 
LDU 
STU 


SUBB 
СМРВ 
88 
ADDO 
ANDB 
BITB 
08 
STB 
ЕОРВ 
ADCB 
ORB 
ADOB 
LDD 
STD 
LDU 
STU 


SUBB 
СМРВ 
$8С8 
ADOD 
ANOS 
BITB 
LOB 
578 
EORB 
ADCB 
ORB 
8ھ‎ 
LDO 
STD 
LDU 
STU 


Mode 
immed 


Immed 
Immed 


Immed 


Direct 


Direct 
Indexed 


Indexed 


Extended 


Extended 
Extended 


Extended 


5 
5 
7 
5 
5 
5 
9 
5 
5 
5 
5 
6 
6 
6 
6 


са 


€) оз сз Сә 02 CO WWW 62 62 02 C) C) C) C). ВӘ حم نم‎ гәм Ко NN Ко جم جح‎ КЭ جح‎ NN P2 P2 Ко جج‎ ко Ко جم‎ Ко جم‎ P2 Ко جم جم جم جم‎ Ко 
+ + + + + ot + + + + + + + + ++ 


ОР 


Mnem 


‚ Раде 2and 3 Machine 


LBRN: 


. LBHI 


LBLS 
LBHS, LBCC 


. LBCS, LBLO 


LBNE 
LBEQ 
LBVC 
LBVS 
ВРІ 


· LBM! 


LBGE 


ВТ. 


LBGT 
LBLE 
SWI2 
CMPD 
CMPY 
LOY 
CMPD 


۷۷ء ` 
0¥ 


STY 


| CMPD 


CMPY ` 
LOY 
STY 
CMPD" 
CMPY 
ШҮ: 
STY 
LDS 
LDS 
STS 
LDS 
STS 


7108 


STS 


‘SWIG 


CMPU 
CMPS 


` CMPU 


CMPS 


' CMPU 


CMPS 


j CMPU 


CMPS | 


Mode 


Codes 


Relative 


2 546) 


Relative 
inherent 
0 
immed 
Direct 


Direct 
Indexed 


indexed 
Extended 


Extended 
Immed 
Direct 
Direct: 

Indexed: 
Indexed 

Extendad 

Extended 

Inherent 
immed 
immed 
Direct 
Direct 

indexed 

Indexed 


5 


56) | 


56) 
56) 
56) 
5(6) 
56) 


516} 


5(6) 


~ М У Мато جو یب یہ‎ Ф Ф Ф Ф ~ ~ со تہ‎ 
+ + 


+ 
+ 


Extended 8 
Extended 8 
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FIGURE 21 — - PROGRAMMING AID 


= Cose cue T mme ш ees : | 

5 ОРГ | #| Op | = roof - | ГОГ = ор 27 | 

а | ст ECT 
А+М+С-А ; 


В+м+С-8` 


"ТАОВА 
‘ADOB": · - 


ГАОСА 4+12+ | 89 
| ADCB.: с Lj 4+] 2+ | F9 


А+М-А 
8 + ۸۸۷-8 


]) 0 
8121 2| 08 EB j 4+] 2+] FB 
tte Е316+| 2+ | ҒЗ 
о Ris EE RN | 
“1 C4 5 г в - 2 fbb be} 2+1. 24| 5 4 3. . 
1C 
481-2.) . 
- Tae 122 : 
ASRB 57 
AERE: КЕРЕ لابا‎ 
| um BEEBE 
: 88 C5 4+] 2+ |. F5 
CLRA 
بچ عب ب ا‎ 


ADDO ` 
TANDA 
8۲ھ‎ 
ھ۶٤٦‎ 


DM: M 1-0 


ASRA 


m 


Bit Test A (М A AF 
Bit Test BAM A: ШЕ : 


оро о تام‎ — 


[ө e 
ЕЕ 


CLRB 
CLR 


| Compare:M Кот А 
Compare М from В m 
Compare M: M + 1 from D 


| Compare М:М + 1 from 5 


Compare MEM x from ue 


е M:M a irom X 
| Compare М:М + 1. from. Y 


743 
g‏ 53 
== === 
سو اہ تد سط تس سا 
на‏ 


еван eT 
DECB 


"ms КЕТИШКЕ 
| ЕСЯВ c8 08 £8 | 4+ 0 i 


RE poe 
Geo oc 6C16+| 2+ | 7C 


o МР ____ БЕЕСЗЕНЕІЕЛЕЗЕЗЕЛЕЛЕНЕН LIE ees 
: вы --- 4 1 2] EES COI a Jump to Subrouune i > LLL 


COMA 
сомв 
сом 


سس 
8 
eal‏ 


ипе. : 


Complement of M "Test and set if true, ‘cleared otherwise 


MOT та 


OP . Operation Code (Hexadecimai) Transfer Into: T 'Not Affected. 
i ~ ~ Number of MPU Cycies Haif-carry (from bit 3) CC "Condition Code’ Register ` 
(7) # Number of Program Bytes Negative (sign bit) ^ -Coneatenation 
= + Arithmetic Plus Zero result Су kogical or 
^  Arithmetic Minus Overflow, 2's complement А Logical and 
Multiply Carry from ALU ж Logical Exciusive or 
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FIGURE 21 — PROGRAMMING AID (CONTINUED) 


тисин Modes ^ 
НЕЛИ: ЛЕЗ ЕЛЕН КЕЛИ 


LSLA 1. 
:| ا۔8٤٤‎ ы 

LSL G+| 2+] 78 : 
LSRA i 
LSRB 

ЕН‏ ]—— * - +6 سس 


EEA E E E SE eee | 


Inherent. 


ЕСІНЕ 


Б — SETE | 
NEGB ^ 8«1-8 Ж ; 
ل‎ m - 70 3 М«1-м | Н 


TCR :‏ للل لل 

9A АА | 4+ = BAT 5 АУМ-А 0 |‏ مس ئا 
FAJ 5 BVM=8 0 ;‏ |+ 2 امو ORB DA EA]‏ 
‘ORCC. СС V IMM- CC 3 H И‏ 
ВНЕ Еш ШЕ E‏ 
PSHU __|Ризћ Registers оп U Stack ____‏ 
PULS 3515 Pull Registers trom: S Stack‏ 
PULU 37 |6 Pull Registers trom: U Stack |‏ 
ИЕ аа‏ 
ROLB : 59 4‏ ` : 

ns ۳ئ‎ ЕНЕ 2222 

RORA у 45. | 21. 

RORB 62| тм 

à ROR 8+| 2+] 76 | c. b7 50 


= Е تد‎ EE ERN ا‎ ee EE m 
Ба Бан Е ы у ۰00000 ИИС 


a — а 4+ 
| sacs c2 4+ 


SUB AG іа. 2«| 80 | 5‏ یت 
РО |--5‏ |«2 4% £0 | 5088| 
SUBD E A3 2+| 83] 7‏ | 


SYNC Sa 
тт اہ‎ Pere ЕСИ | 


TSTA ГА ^s o 
».[TST8 Test 8 х 
TST 6+} 2+] 70 Test M. : 


“This column gives а base cycle and byte count. To obtain total count, add the. values obtained from the INDEXED' ADDRESSING MODE table,‏ پ71 
Table 2. ;‏ _ 
RT and R2 may be any pair of 8 bit or any pair of 16 bit registers.‏ .2 

The 8 bit registers аге: А, В, СС, DP 

The 16 bit registers are: X, Y; U, S, D, PC 


` EA is the effective address. 
> The PSH ang PUL instructions require § cycles pius 1 cycle for each byte pushed or pulled. 
. 516) means: 5 cycles if branch not taken, 6 cycles if taken (Branch instructions). 
SWI sets. | апа. Е, bits. .5УУ12-апд SWIS do not affect | and F. 
Conditions Codes. set às a direct result of the instruction. 
۔‎ Vaue of пан-сапу flag is undefined. 
Special Case — Carry set if 07 is SET. 


Software interrupt. 1 
ыы Interrupt 2 


Software Interrupt: 3 


Фф юэ و‎ > о 
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SIGNED CONDITIONAL BRANCHES. (Notes 1-4) 


Branch. C= 1 
Long Branch 
Сај 


Branch 2 «1 
i tog وت‎ 


Branch Нела 
ог.Зате. 


Вгапсп= Zero 


SIMPLE BRANCHES 


_ОР___- # 

BRA 20 3 2 
LBRA 16 5 3 
BRN 21 3 2 
LBRN 1021 5 4 
BSR 80 7 2 
-LBSR 79 3. 


سے سس 
tong Branch = Zero‏ 
8GT 2E| 3 | 2 |Branch» Zero‏ 
LBGT 10: | 5464 4 |Long Branch > Zero‏ 
у 2E‏ 
р Branch Higher‏ 
[tong кіді Higher‏ 4 


Long Branch Higher 


Long Branch s Zero: 


FIGURE 21 — PROGRAMMING AID - 
(CONCLUDED). 


Branch Instructions 


„ | 10 


instruction |. . 
BLS . 
‘BLT 
BMI 8M! 
LEM. 
BNE BNE , 
| ығын : 
BPL, © oaf BPL 
z [кылы 
BRA BRA. 
ARA . 
BAN ВАМ 
LEAN 
858 BSR 
LBSR 
8VC 8VC 
| LBVC 
BVS BVS. .. 
LBVS ° 


29 


m 


ES 
di sib 


dH 


21 


851712 
1719 |3 
2813 | 2 
10 [5161 4 
28 
29 2. 
© 2 


Branch 0 
Long Әгапсһ 
2+0 
Branch Plus 
4 Шола Branch Plus 


Branch Alwavs 
Long Branch Always 
Branch Naver. 

Long Branch Never 


Branch to. Subroutine 
Long Branch to 
Subroutine ; 


Branch V #0 

Long Branch’ 

ےج 

Branch V.» 1 ; 

Long Branch ` 
Val 


_ SIMPLE CONDITIONAL BRANCHES (Notes 1-4) 


Test. 
“Nel : 
Zal 


Maus. 


Cat 


True 
BM! 
ВЕС 
,8VS 
BCS 


True 
BHI 


ВН 


-BEQ 
BLS 
BLO” 


OP Faise 
28 BPL 
27 BNE 
29 BVC 
25 acc 


OP -. Рава 
22 . 845, 
2422 BLO 

BNE‏ رو 
вні‏ 23 
BHS‏ 25 


op 
2A 
26 
28 
24 


UNSIGNED. CONDITIONAL BRANCHES (Notes 1-4) 


OP 
23 
25 
26 
22 
24 


Test “Тие 2 ОР .. False: ОР Test 
r»m BGT ТЕ BLE 2F rm. 
rem .8GE 2c BLT: 2D rmm 
ram BEQ GM. BNE: 26 ram 
rsm , BLE... 2F BGT 2E ram 
r<m СВЕТ о 2D ВСЕ. 2c г<т 
Notes: | : 7 

1. АЙ conditional branches have both short and long variations. 

2. All short branches are 2 bytes and require 3 cycles. 

3. All conditional long branches аге tormed by prefixing the short branch opcode with $10 and using a 16-bit destination offset. 

4, 


MOTOROLA Semiconductor Products Inc. 


TESI 


All conditional long branches require 4 bytes and 6 cycles if the branch: is taken. or 5 cycles if the branch is not taken. 


| мсевоземсвадоземсввное: 


PACKAGE DIMENSIONS. 


SEATING 
“PLANE 


NOTES: : | 

1. POSITIONAL TOLERANCE OF LEADS (0), EI 2 
SHALL ВЕ WITHIN 0,25 тт (0.010) АТ i ама AGE 
MAXIMUM MATERIAL CONDITION, IN ` ү! 
RELATION TO SEATING PLANE ANO ' ; o. (488711503 
EACH OTHER. 


2. DIMENSION L TO CENTER OF LEADS 
"WHEN FORMED PARALLEL. 

3. DIMENSION 8 OOES NOT INCLUDE 
MOLD FLASH. - 


NOTES: 
1. DIMENSIONCA:] IS DATUM. | 
2. POSITIONAL TOLERANCE FOR LEADS: L SUFFIX 
: й 7 CERAMIC PACKAGE 
© (0.25 (0010) ATLA] CASE 715-04 


3. [2] IS SEATING PLANE. 
4; DIMENSION “L” TO CENTER OF LEADS 
_ WHEN FORMED PARALLEL. 
8. DIMENSIONING AND TOLERANCING 
PER ANSI Y14.5, 1973. 


NOTES: 
1. OIMENSION-A-IS DATUM. 
2. POSITIONAL TOLERANCE 


FOR LEADS: i 
[$ [$025 )0.0101 (У) [ T ЈА 69) | S SUFFIX 
3... [2] IS SEATING PLANE. مرا‎ тања 


4. DIMENSION 1. TO CENTER 
OF LEADS WHEN FORMED 
PARALLEL. 

$. DIMENSION A ANO 8 
INCLUDES MENISCUS. 


MILLIMETERS! — INCHES 
| MAX | MIN | MAX- 


INCHES 


08 | 0.125 | 
Hour [ene] 600 856 


159 
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B МС6809»МС68А09еМСВЯНОЗ 


ORDERING INFORMATION 


MC88AO09C P 


Motorola Integrated Circuit EE | 
M6800 Family 


Blanks= 1.0 MHz 
А=1.5 MHz 

822.0 MHz 

Device Designation 
Іп M6800 Family 
Temperature Range 
Blank 20? — + 70°С 
Са -40?— +85°С 
Package 

Р = Plastic 

$ = Cerdip 

L = Ceramic 


BETTER PROGRAM 


Better program processing is available on all types listed. Add 
suffix letters to part number. 


Level 1 add "S" Level 2 add "О" — Level 3 add "OS" 


Level 1 "5" = 10 Temp Cycles - (~ 25 to 150°C); 
Hi Temp testing at TA max. 

Level 2 “D” = 168 Hour Burn-in at 125°C 

Level 3 "DS" = Combination of Level 1 and 2. 


ДА) ` MOTOROLA. Semiconductor Products Inc. - 
) 33 М E SS е, У 
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Motorola reserves the right to make changes to any products herein to improve reliability, function or design. Motorola does not assume any liability arising 
out of the application or use of any product or circuit ‘described herein; neither does it convey any license under its patent rights nor ‘the rights of others. 


MOTOROLA Semiconductor Products Inc. 


3501 ED BLUESTEIN 8070. AUST IN, TEXAS. 78721 • А SUBSIDIARY OF: MOTOROLA INC. 


059845 PRINTED (M USA 6/۵1 - (MPERIAL LITHO 896611 


